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The th e s i s  d e a ls  w ith  th e  microwave s p e c tr a  of
CD^H2 , CH^D2 and CD3OH.
The g e n e ra l ex p e rim en ta l d e t a i l s  of a  Stark, m odulation 
sp e c tro g ra p h  and arrangem ents f o r  freq u en cy  measurements 
of microwave s p e c t r a l  l in e s  u s in g  kno’rtn s p e c t r a l  l in e s  as 
frequency  s ta n d a rd s  a re  d e sc rib e d  in  C hapter I  o f th e  th e s is*  
C hap ter I I  d e a ls  w ith  th e  microwave spectrum  of CD^NHg in 
th e  reg io n  24,700 M c./Sec. to  38,000 ¥ c . /3 e c .  and th e  spectrum  
of CH^D2 in  th e  reg io n  18,500 H c ./S ec . to  39,000 M c./Sec.
The r o ta t i o n a l  c o n s ta n ts  and th e  s tru c t i iT a l p aram ete rs  o f  
m ethylajnine a re  c a lc u la te d  u s in g  th e  f re q u e n c ie s  of the
J  = t r a n s i t io n s  of th e  fo u r  is o to p ic  sp e c ie s
CD^H2 and GD^ ND2 . This forms C hapter 111 
of th e  t h e s i s .  C hapter IV d e a ls  w ith  th e  d e te rm in a tio n  
of to r s io n a l  c o n s ta n ts  f o r  CDj^Hg. C hap ter V d ea ls  w ith  
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to  34,000 l^ c ./3 e c .
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The ex p e rim en ta l arrangem ent o f  a  100 kc* S ta rk  m odulation 
sp e c tro g ra p h  s e t  up f o r  th e  p re s e n t  experim en ts i s  d e sc r ib e d . 
The f re q u e n c ie s  o f  th e  s p e c t r a l  l i n e s  a re  m easured u s in g  th e  
fre q u e n c ie s  o f  th e  known s p e c t r a l  l i n e s  as s ta n d a rd s . The 
a rran g em ait f o r  m easuring  th e  f re q u e n c ie s  o f  th e  l in e s  u sin g  
a  secondary s ta n d a rd  s p e c t r o g r ^ h  i s  a ls o  d e sc r ib e d .
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The block, diagram  o f  th e  S ta rk  modiiLation sp ec tro g rap h  
s e t  up t o r  th e  p r e s e n t  experim ents i s  shovm in  f i g . l .  The 
d esig n  o f th e  sp e c tro g ra p h  i s  s im ila r  to  th e  one u sed  1:^ 
e a r l i e r  w orkers ^ The a b so rp tio n  c e l l  A i s  c o n s tru c te d  from 
l o t  f t .  lo n g  X band copper wave g u id e . A c e n tr a l  f l a t  
e le c tro d e  i s  p la c e d  in  th e  ab so rp tio n  c e l l  p a r a l l e l  to  th e  broad f  
fa c e  o f  th e  wave g u id e , su p p o rted  by two te f lo n  s t r i p s  in  which 
g u id in g  grooves a re  m il le d . Connection to  th e  e le c tro d e  is  
made by a  w ire th ro u g h  a  h erm etic  s e a l  in  th e  s id e  w a ll . A 
t r a n s i t i o n  s e c t io n  i s  used  a t  each end o f th e  ab so rp tio n  c e l l  
to  m atch i t s  in^edance to  a  sm a lle r  p band wave g u id e . A fte r  
th e  t r a n s i t i o n  s e c t io n s ,  th e  ab so rp tio n  c e l l  i s  s e a le d  w ith  
m ica windows on e i t h e r  s id e .
The sou rce  o f  r a d ia t io n  K i s  a  K ly s tro n . Raytheon K lystrons 
^  50b, 2K5S, # 2 8 8 , . ^ 9 ,  ^ 9 0 ,  ^ 9 1 ,  ^ 9 2  and ^ 9 3
a re  used  to  cover th e  reg io n  IB ,000 M e./Sec* to  40,000 l,!c./Sec.
and A£ a re  two f la p  a t te n n u a to rs  u sed  to  avo id  power 
s a tu r a t io n  in  th e  c e l l  and a ls o  to  m inim ise th e  r e f l e c t io n s .
The a t te n n u a tio n  i s  o b ta in ed  by in s e r t in g  a  s t r i p  o f  lo s sy  
m a te r ia l  ( b a k e l i te  coa ted  w ith  Aquadag) in to  th e  waveguide 
th rough  a  lo n g i tu d in a l  ^ i t  in  th e  c e n tre  o f th e  b road  face  of 
th e  w aveguide. The s t r i p  i s  ta p e re d  on bo th  ends to  p re v e n t 
r e f l e c t io n s  and i s  p iv o te d  on one end so as to  c o n tro l th e  
a t te n u a t io n  by low ering  th e  o th e r end in to  th e  g u id e . r 'ig .2
P
shows a  .band a t te n u a to r .  B i s  a  Bethe h o le  co u p le r , used  to  
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couple ou t a  f r a c t io n  o f microwave power from th e  main tran sm iss io n  
l i n e  f o r  frec^uency m o n ito rin g . I f  c o n s is ts  o f two waveguides
? ig * 2 . P-Band A tte n u a to r .
K-Band B e th e-h o le  coup ler.
J-Band C ry s ta l  d e te c to r .
p la c e d  iDroad s id e  to  b road  s id e  v /ith  a  sm all co i:^ ling  h o le  in
th e  c e n tre . The c o e f f e c ie n t  o f  coup ling  f o r  a  p a r t i c u l a r
frequency  depends on th e  ang le  between th e  two waveguides
2
and th e  d iam eter o f th e  coup ling  h o le . F ig .3 shows a  K band 
B ethe h o le  co u p le r  made f o r  a  co u p lin g  f a c to r  o f approx im ately  
20 db. One arm o f  th e  a u x i l ia r y  * waveguide in  th e  Bethe ho le  
c o u p le r  i s  connected  to  a  wavemeter w h ile  th e  o th e r  arm i s  
connected  to  a  c r y s ta l  d e te c to r .  »tfhen th e  wavemeter i s  
tu n ed  f o r  reso n an ce  i t  r e f l e c t s  l e s s  power to  th e  d e te c to r  and 
t h i s  d ec re a se  g^pears as a  p ip  in  th e  K ly stro n  mode,PHD wavemeters 
ty p e  56?7b and 5603 a re  u sed  f o r  th e  reg io n  1*3,000 Me. to
18.000 Me. and 18,000 Me. to  22,000 Me. r e s p e c t iv e ly .  %>erry 
ty p e s  349a and 350a a re  used  f o r  th e  re g io n s  22,000 Me. to
26.000 Me. and 26,000 Me. to  39,000 Me. r e j^ e e t iv e ly .
A 100 k c . Sqiiare wave v o lta g e  i s  g® plied  to  th e  c e n t r a l  
e le c tro d e *  The sq u a re  wave m odulator s u i t a b le  f o r  t h i s
3
m odula tion  was o r ig in a l ly  d es ig n ed  by L .C .H edrik . The one 
th a t  i s  u se d , i s  a  m o d if ic a tio n  o f  th e  o r ig in a l  in s tru m en t 
p u rch ased  com m ercially# This in s tru m e n t wgis d es ig n ed  to  
y ie ld  a  maximum v o lta g e  o f  1,200 a c ro s s  a  c e l l  hav ing  a  
c a p a c ity  n o t  more th a n  1*000 p f .  The square  wave voltag®  
i s  v a r ia b le  from 0 to  1,200  v o lts  and th e  square  wave i s  
a u to m a tic a lly  zero  based  a t  a l l  th e  v o lta g e s .
A f te r  tra n sm iss io n  th ro u g h  th e  a b so rp tio n  c e l l  th e  
microwave power i s  d e te c te d  by a  c r y s ta l  r e c t i f i e r .  S y lv an ia  
ty p e  1 N 25 c r y s ta l s  a re  \ised f o r  th e  P and K band reg io n s
and PHD m odified  1 N ^  o r S y lvaJiia  1 N 53 c r y s ta l s  a re  used  
f o r  th e  h ig h e r frequency  reg ions*  These c r y s ta l s  e s s e n t i a l ly  
c o n s is t  o f a  f in e  w ire  in  c o n ta c t w ith  a  b lo ck  o f  sem i-con ducting  
m a te r ia l*  s i l ic o n #  The c o n ta c t r e s is ta n c e  w il l  be g r e a te r  in  
one d i r e c t io n  than  in  th e  r e v e r s e .  S in ce  th e  c u r re n t v o ltag e  
c h a r a c t e r i s t i c  w i l l  be n o n lin e a r*  r e c t i f i c a t i o n  occu rs when 
an a l t e r n a t in g  v o lta g e  i s  a p p lie d  to  th e  c ry s ta l*  Because 
th e  c o n ta c t i s  a  f in e  p o in t ,  c o n ta c t cap ac itan ce  i s  very  sm all 
and  th e  c r y s ta l  r e c t i f i e r  can be used up to  ex trem ely  h igh  
fre q u en c ie s*  F ig*4 shows a  1 N 53 c r y s ta l  along  w ith  th e  
c r y s ta l  mount*
The o u tp u t o f  th e  c r y s ta l  d e te c to r  i s  fed  to  a  low frequency 
r e c e iv e r  (N a tio n a l HRO -  60) tuned  to  100 kc* The re c e iv e r  
o u tp u t i s  d isp la y e d  on th e  o sc illo sc o p e *  For se a rch in g  th e  
l i n e s ,  a  slow  saw too th  v o lta g e  sy n ch ro n ized  w ith  th e  o sc illo sc o p e  
i s  a p p lie d  to  th e  r e p e l le r  o f  th e  iQ.ystron* In  t h i s  way 
K ly stro n  mode could  be sw ept over a  frequency  o f  abou t 60 Kc* 
Scanning o f  v/ide frequency  reg io n  i s  done by tu n in g  th e  Id y s tro n  
manually* A la rg e  enough m odula ting  f i e l d  i s  r e q u ire d  fo r  
o b se rv in g  th e  l i n e s ,  so t h a t  S ta rk  con^onents a re  d isp la c e d  
more than  th e  l i n e  w id th . O therv^ise, some o f th e  S ta rk  
con^onents w i l l  o v erlap  w ith  th e  main l i n e  and s u b t r a c t  from i t
i f  a  phase  s e n s i t iv e  d e te c to r  i s  u sed . F or a  m olecule I r ith
an average d ip o le  moment o f  1 debye, a t  p re s s u re s  o f  the
o rd e r  o f  10 m.m* o f  Hg, m odulating  f i e l d s  o f 10 v o l ts  p e r  c m.
a re  adequate  f o r  f i r s t  o rd e r  S ta rk  e f f e c t s . ^  F o r th e  l in e s  
e x h ib i t in g  second o rd e r  S ta rk  e f f e c t s  s e v e r a l  hundred to  s e v e ra l

In  o rd e r  to  re s o lv e  th e  p r e c is e  s t r u c tu r e  o f th e  S ta rk
p a t te r n s  an au to m atic  re co rd in g  sp e c tro g ra p h  i s  used . In  t h i s
s e t  up ( F ig .5) th e  e le c t r o n ic  sweep on th e  K ly stro n  i s  removed
and i t s  frequency  i s  swept slow ly  by an e l e c t r i c  m otor coupled
th rough  step-dow n g ea rs  to  th e  m echanical tu n e r  o f  th e  K ly stro n .
The c r y s ta l  o u tp u t from X£ i s  fe d  to  a  lo c k - in  aJ3® l i f i e r
tu n ed  to  100 k c . , which i s  coupled to  a  phase  s h i f t e r .  The
o u tp u t o f  th e  lo c k - in  a m p li f ie r  i s . r e c o rd e d  on an S s te r l in e -
Angus D.C. m illiam m eter r e c o rd e r .  The phase  s e n s i t iv e
d e te c to r  in v e r ts  th e  S ta rk  con5)onents r e l a t i v e  to  th e  main l i n e .
I t  a ls o  reduces th e  n o ise  pov/er compared to  th e  o th e r type 
5o f  d e te c to r s .
The advantage o f S ta rk  m odulation  method is  th a t  i t s  
s e n s i t i v i t y  i s  more v/hen con^oared to  th e  o th e r  sin5>ler methods 
and a lso  i t  i s  n o t s e n s i t iv e  to  th e  power v a r ia t io n s  caused  
by r e f l e c t io n s  in  th e  microwave l i n e .  In  th i s  method an 
a b so rp tio n  l i n e  can be e a s i ly  d is t in g u is h e d  from th e  r e f l e c t io n s .  
I f  th e  zero  b as in g  o f  th e  S ta rk  v o lta g e  i s  removed by sw itch in g  
o f f  th e  clam ping d iode from th e  S ta rk  m odulator c i r c u i t ,  th e  
S ta rk  v o lta g e  would swing above and below th e  ground r a th e r  
th an  from groxond to  th e  maximum v a lu e . T h is j causes th e  l in e  
to  d isa p p e a r  and le a v e s  unchanged th e  s ig n a ls  a r i s in g  from 
r e f le c t io n s  o r  o th e r  so u rc e s . An a d d i t io n a l  advantage o f 
t h i s  method i s  th a t  i t  a llow s th e  use o f  r . f .  tuned a m p lif ie r  
to  avoid  low frequency  n o ise  w ith o u t th e  com plication  of
thousand  v o l ts  p e r  cm. a re  needed.
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heterodyne d e te c t io n .  A lthough th e  n o is e  i s  reduced  as the
m odulation  frequency  i s  in c re a s e d , th e  ap p a re n t l i n e  w idth
i s  a ls o  in c re a se d  due to  m odulation  b roaden ing . The m odulation
b roaden ing  i s  somewhat g r e a t e r  than  th e  m odulating  frequency
5
in  th e  case o f sq u are  wave m odu la tion . For 100 kc. square 
wave m odu la tion , th e  r e s o lu t io n  i s  l im ite d  to  approxim ately  
100 icc.
Measurement o f  fre q u e n c ie s .
F req u en c ies  o f th e  l in e s  a re  f i r s t  m easured roughly  by 
u s in g  s u i t a b le  c a v ity  wavemeters f o r  d i f f e r e n t  reg ions*  
i r e c i s e  frequency  m easurem ents a re  made by u sin g  fre q u en c ie s  
of known s p e c t r a l  l i n e s  o r  t h e i r  harm onics as secondary s ta n d a rd s . 
The ex p erim en ta l arrangem ent fo r  measurement o f  f re q u e n c ie s  
in  th e  reg io n  36,000 -  40,000 M c./Sec. where th e  f i r s t  
harm onic f re q u e n c ie s  o f a p p ro p r ia te  s p e c t r a l  l i n e s  in  th e  
re g io n  18,000 -  22,000 M c./S ec. a re  u sed  frequency s ta n d a rd s , 
i s  shown in  F ig .6 , Here a  K -  I  band m u l t ip l i e r  u sin g  a  
s l o t t e d  1 N 25 c r y s ta l  o r  a  K -  J  band m u l t ip l i e r  (F ig .? )  
u s in g  a  PHD m o d ified  1 N 26 c r y s ta l  has been used f o r  harmonic 
p ro d u c tio n . In  t h i s  arrangem ent two sp ec tro g rap h s  a re  used 
to g e th e r  sim xiltaneously . S p ec tro g rap h  A c o n s is ts  o f  a  3 f t ,  
co in  s i l v e r  K band S ta rk  c e l l  and i s  u sed  f o r  o b serv ing  th e  
known s ta n d a rd  l in e s  and may be c a l le d  a  secondary s ta n d a rd  
sp e c tro g ra p h . A f te r  s e t t i n g  th e  k ly s tro n  o f th e  secondary 
s ta n d a rd  sp e c tro g ra p h  f o r  th e  frequency  o f th e  p ro p e r  s ta n d a rd  
l i n e  th e  sa ’^ to o th  sweep o f  th e  k ly s tro n  i s  removed. S p ec tro - 
g r ^ h  B vtoich may be c a l le d  th e  se a rc h  spectrog raph^  is  used
•re'^sK^o 92 N T 
peTjTPOui OH-I 11^ ™ asT id i'u ruu  puBg f  orj
f o r  o b se rv in g  new l in e s  and i t s  d e s c r ip t io n  has been given 
e a r l i e r .  A sm all amount o f  power from k ly s tro n  1 i s  taken  
th ro u g h  a  te e  and i t s  frequency  i s  doubled by a  c r y s ta l  
m u l t i p l i e r .  The harm onic frequency  i s  th en  mixed w ith  a  
sm all amount o f  power from Iclystron  2 th ro u g h  a  magic te e .
C ry s ta l m ixers a re  connected  to  th e  o p p o s ite  arms 2 and 3 
o f  th e  magic t e e .  The use o f  th e  magic te e  h e lp s  to  have 
a  b a lanced  m ixer as w ell as to  i s o l a t e  th e  two k ly s t ro n s .
F o r measurement o f  f re q u e n c ie s  in  th e  reg io n  18,000 -  36,000 M e , 
where f re q u e n c ie s  o f  a p p ro p r ia te  s p e c t r a l  l i n e s  in  th i s  
re g io n  a re  tak en  as secondary  s ta n d a rd s , a  sm all amount o f 
power from k ly s tro n  1 i s  d i r e c t ly  mixed w ith o u t m u l t ip l ic a t io n ,  
w ith  sm all amount o f  power from k ly s tro n  2 th rough  a  magic 
te e  and n ecessa ry  d i r e c t io n a l  c o u p le rs .
The r e s u l t in g  b e a t f re q u e n c ie s  from c r y s ta l  m ixers Xg 
a r e  fe d  to  a  com munications r e c e iv e r  ( h a l l i c r a f t e r s  t]rpe SX-62 a ) .  
The o u tp u t o f  th e  r e c e iv e r  d isp la y e d  on a  double beam 
o s c il lo s c o p e  (Dumomt 322) a long  w ith  th e  l i n e  to  be m easured.
The r e c e iv e r  o u tp u t appears as a  m arker v\4ienever one o f th e  
b e a t  f re q u e n c ie s  from th e  m ixers Xg co rresponds to  th e  
f re q u a ic y  to  which th e  communications r e c e iv e r  i s  tu n ed . The 
r e c e iv e r  s e t t i n g  i s  a d ju s te d  so t h a t  th e  m arker co in c id e s  
w ith  th e  c e n tre  o f  th e  se a rc h  l i n e .  In  t h i s  way th e  b e a t 
f re q u e n c ie s  betw eai th e  two o s c i l l a t o r s ,  one o f  which i s  
s t a b l i s e d  a t  th e  frequency  o f th e  known l in e  (w ith in  th e  range 
o f  abou t HO Me. f ra n  th e  se a rc h  l in e )  w h ile  th e  o th e r  a t  th e  
l i n e  to  be m easured, a re  m easured. Whenever i t  was n ecessary  
t o  ex ten d  th e  frequency  range o f  th e  measurements w ith  re s p e c t
to  th e  frequency  o f  a  s ta n d a rd  a b so rp tio n  l i n e ,  an o u tp u t o f 
a  ra d io  frequency  s ig n a l  g e n e ra to r  (GR IDOl a) was mixed 
w ith  th e  b e a t f re q u e n c ie s  from m ixers . In t h i s  way 
known l in e s  ly in g  w ith in  ^  215 Mo. from th e  se a rc h  l in e  
cou ld  be used  as secondary  s ta n d a rd s . The r e c e iv e r  and 
th e  s ig n a l  g e n e ra to r  a re  c a l ib r a te d  w ith  a  ciR-620 A heterodyne 
frequency  m e te r . The accuracy  o f  th e  l i n e s  m easured is  
ex p ected  to  be b e t t e r  than  ^ 0 . 5  K ci./3ec.
1 . Hughes R.H. and S*B.Wilson J r .  Phys.R ev . 2 i»  562 L (1947)
2 .  R .L .K yhl, M .I .T .R a d ia tio n  L abora to ry  s e r ie s  V o l.11,
Me Graw H i l l  Book C o., New York (1 948-50 ).
3 . L .C .H edrik , R e v .3 c i . I n s t .  ^  ,781 (1949); 53? (1951).
4 .  if.Gordy, W.V.Smith and R .F .rram b aru lo , "Microv/ave 
S p ec tro sco p y " , John sViley & Sons I n c . ,  Newlork, 1953.
5 . C.Jr:.Townes and A*L.3chav/low, “Microwave S p ec tro scopy", 
KcGraw H i l l  Book Co., (19o6).
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C H A P T S R I I .
MiCROrfAVE aPSCTRllI OF C D ^ E 2A m  CH3NU2 •
ABSmCT .
The ¥icrov¥ave ^ec trx jin  of CD; '^H2 has been s tu d ie d  
in  th e  reg io n  24,700 M c./Sec. to  28,000 M e./See. , u s in g  a  
S ta rk  m odulation  sp e c tro g ra p h . About f i f t y  l i n e s  a re  
re c o rd e d  in  t h i s  re g io n . The low er J  and A  J  v a lu e s  f o r  
some of th e se  l in e s  have been a s s ig n e d . The t r a n s i t i o n  
J  = O o o ~ ^ ^ i’ been id e n t i f i e d  and found to  be a  d o u b le t 
w ith  th e  ccMnponents a t  36 ,426 ,8  K c ./S e c . and 36>426.2 M c./3ec. 
The ;^ectr\m i o f CH^D2 has been s tu d ie d  in  th e  reg io n  
18,500 M c./S ec. to  39,000 K c ./S ec . About s ix ty  l in e s  a re  
re co rd ed . The t r a n s i t i o n  J  = 1  0/ f o r  t h i s  m olecule
has been id e n t i f i e d  a t  a  frequency  o f 38 , 907.0 M c./Sec.
II
I n tro d u c tio n .
The microwave spectn im  o f has been s tu d ie d
1
e a r l i e r  by H ershberger and T u rk ev itch  » Shimoda and 
N ishikaw a^ in  th e  reg io n  15,000 M c./S ec. to  27,000 Mc./Sec^ 
L a te r  Shimoda e t  a l^  o b ta in e d  th e  spectrum  o f  in  th e
re g io n  7,000 M c./Sec. to  30,000 M c./Sec. Independen tly  
Lide"^ a ls o  s tu d ie d  th e  spectrum  of CH3WH2 in  th e  reg io n
11,000 M c./S ec. to  28,000 M c./S ec. S ince  then  th e  spectrum
5was ex tended  up to  50,000 K c ./S ec . by Y enkatesw arlu and 
Nishikawa^* The spectrum  o f  CD^ NDj^  has been o b ta in ed  r e c a i t l y  
by Lide*^ in  th e  re g io n  22,000 M c./Sec. to  32,000 M c./Sec.
The microwave spectrum  o f  and are  n o t re p o r te d
in  th e  l i t e r a t u r e .  I t  i s  ex p ec ted  th a t  a  sy s te m a tic  study  
o f  th e  microwave s p e c tr a  o f  CDjNHi and CH^ WDi a long  w ith  th e  
known s p e c t r a l  d a ta  on CDjNDj_ and GH2lN[Hj_ w i l l  throw  more 
l i g h t  on th e  s t r u c tu r e  o f  th e  m olecule and th e  invo lved  
in te r n a l  m o tions. The p r e s e n t  chfig)ter d e a ls  w ith  th e  
microv/ave s p e c t r a  o f CD2^ NH2_ and GH^ ND2_
G eneral D isc u ss io n .
The microwave spectrum  o f m ethylam ine i s  c o o ^ lic a te d  
by two low frequency  in te r n a l  m otions which in t e r a c t  w ith  
th e  o ver a l l  r o ta t io n  o f  th e  m olecu le . The f i r s t  o f  th e se  
i s  th e  to r s io n a l  o s c i l l a t i o n  o f th e  m ethyl groi:^ w ith  
r e s p e c t  to  th e  amino grot^)* This m otion which ta k e s  p la c e  
a lo n g  th e  symmetry a x is  o f th e  m ethyl group i s  h in d e red  by 
a  p o t a i t i a l  which has th r e e  id e n t i c a l  minima a r i s in g  from
12.
th e  th r e e f o ld  symmetry o f  th e  m ethyl group and i s  o f te n  c a l le d  
th e  h in d e re d  r o ta t i o n .  The o th e r  icoportant m otion i s  th e  
in v e rs io n *  T his in v e rs io n  i s  analogous to  th e  w ell knom  
ammonia in v e rs io n  and cou ld  be u n d ersto o d  in  a  s im i la r  
fa s h io n  s in c e  th e  s u b s t i tu t i o n  f o r  l^d ro g en  atom in  ammonia 
m olecu le  w ith  a  m ethyl group g iv es  r i s e  to  methylamine 
m olecule* However in  t h i s  case  th e  in v e rs io n  is  more 
c o n ^ l ic a te d  th an  th a t  o f  ammonia said p ro b ab ly  fo llo w s a  p a th  
i n  which th e  gffigle between th e  NH2^ p la n e  sffid CH  ^ a x is  
changes from eq jx ilib rium  v a lu e  to  w hile  th e  o th e r
a n g le s  do n o t change ^ p r e c i a b l y .  In  do ing  s o , th e  
in v e rs io n  ta k e s  th e  m ethy l amine m olecule from a  minimum to
7
a  maximum o f  to r s io n a l  energy and v ic e  v e r s a  • In  o rd e r  to  
have th e  same c o n f ig u ra tio n  a f t e r  in v e r s io n ,  t h i s  in v e rs io n  
m ust be fo llo w ed  a  r o t a t i o n  o f TT/3  , which shows th a t  
th e  two in te r n a l  m otions a re  s tro n g ly  coupled .
I f  we n e g le c t  in v e rs io n , each energy le v e l  o f  metl:^lamine 
w i l l  s p l i t  in to  a  doubly d eg en era ted  le v e l  S and a  non-
7
d eg en era te  le v e l  A as a  r e s u l t  o f  th e  h in d e re d  r o ta t io n  •
Under in v e rs io n  th e  t o t a l  wave fu n c tio n  e x c lu s iv e  of sp in  
can a t  most change i t s  sign* The in v e rs io n  sub le v e ls  can 
th e re fo r e  be c l a s s i f i e d  as symmetric ' s ’ o r  an tisym m etric  ’ a’ 
acco rd in g  as th e  wave fu n c tio n  e x c lu s iv e  o f  sp in  rem ains th e  
ssjue or changes i t s  s ig n  under c o n ^ le te  in v e rs io n  o p e ra tio n . 
Each energy le v e l  can be la b e le d  by i t s  asym m etric r o to r  
d e s ig n a tio n  and i t s  i n t e r n a l  s t a t e  E , , E , A & a .
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The r e l a t i v e  i n t e n s i t i e s  o f th e se  sub le v e ls  S . ,  S ,
O Cl.
A ^ a n d  a re  p ro p o r t io n a l  to  t h e i r  co rresp o n d in g  s t a t i s t i c a l
w e ig h ts . The e ig h t  s p in  s t a t e s  o f  th e  CH  ^ group form a
re p re s e n ta t io n  o f th e  sp e c ie s  4a +  2s, The over a l l  v/ave 
fu n c tio n  must be an tisym m etric  to  th e  in te rch an g e  o f p ro to n s .
But th ey  would be sysaraetric o r in  o th e r  v/ords th ey  belong to  
th e  sp e c ie s  A w ith  r e s p e c t  to  th e  o p e ra tio n s  o f C;^  as such an 
o p e ra tio n  invo lves a  double in te rc h a n g e  of p ro to n s . F o r 
nondegenerate  to r s io n a l  le v e ls  th e  over a l l  symmetry i s  
A X (4a  + 2e) = 4a + 2s s in c e  th e  ru le s  f o r  th e  p ro d u c ts  o f
i r r e d u c ib le  rep  re s  a i t a t  ions a re  A X A = A » a X B  = S and
Pi
S X S = 2a + S. So th e  s t a t i s t i c a l  w eight i s  fo u r . .  For 
d e g en e ra te  to r s io n a l  sub le v e ls  th e  over a l l  symmetry is  
s (4 a  + 2e) =- 4 a  + 6 e . The s t a t i s t i c a l  w eight is  ag a in  fo u r . 
T h e re fo re , f o r  CH^ group th e  E and A le v e ls  w i l l  have th e  
same in te n s i t y .  CS)^  group which has tw enty seven sp in  s t a t e s  
belongs to  th e  sp e c ie s  r e p re s e n ta t io n  ( l l A  + 8 s ) . The 
over a l l  symmetry fo r  th e  nondegenerate  le v e ls  i s  ( l l A  + 8 s )a  
= 11a + 8S and f o r  d eg e n e ra te  le v e ls  i t  i s  ( l lA  + 8s ) s  = 16a + 19S. 
So th e  in te n s i ty  r a t i o  E to  A le v e ls  f o r  CD^ group i s  16 i 11 
w ith  th e  t r a n s i t io n s  a r i s in g  from th e  m olecules in  the  
d eg en era te  sub le v e ls  be ing  s t ro n g e r .  The r a t i o  of ' s ’ to  ' a’ 
in v e rs io n  le v e ls  f o r  th e  two hydrogens in  i s  1 • 5 and 
fo r  th e  two deu terons in  ND2 i s  2 ; 1 . From th e s e  th e  over a l l  
s t a t i s t i c a l  w eights fo r  th e  in te r n a l  le v e ls  f o r  th e  d i f f e r e n t  
i s o to p ic  sp e c ie s  of m ethylam ine a re i
(4
T?
1 3 1 3
CD^NDj. 32 16 22 11
(D^NH^ 48 11 33
CHjND^ 2 1 2 1
The s e le c t io n  r u le s  f o r  th e  change of in v e rs io n  s t a t e  
a r e  s s j  a  a  and a  s ,  s in c e  th e  d ip o le  moment i s  
in v a r ia n t  iinder th e  c o c ^ le te  in v e rs io n  o p e ra tio n . The 
s e le c t io n  ru le s  f o r  th e  to r s io n a l  s t a te s  a re  as 3 —> E,
9 jn
A —) A and A S ’ . No i n t e r  com binations a re  p e rm itte d  
among th e  in te r n a l  s t a t e s  3 - , A , and A . Therefore*
,0 CL, /O CO
fo u r  l in e s  a re  e j e c t e d  fo r  each asym metric r o to r  t r a n s i t i o n  
w ith  in t e r n a l  s t a t e  d e s ig n a tio n s  as S^, and
Microwave spectrum  o f  CD3NH2. and CH3ND2.
The spectrijm  o f  CD^ KH^  ^ has been s tu d ie d  in  th e  reg io n
24,900 M c./Sec. to  38,000 M c./Sec. w ith  a S ta rk  m odulation
sp e c tro g ra p h  th e  d e s c r ip t io n  o f  which was g iven  in  th e  f i r s t
c h a p te r . The o b se rv a tio n s  a re  made a t  room tem peratu re  and
a t  p re s s u re s  o f abou t 10 ^ mm. o f  Hg. The sam ples CD^NH2_
and GH^ND  ^ were k in d ly  p ro v id e d  by i ro f .R .C .L o rd  and
11Dr.A«i-*^ray who have p u b lis h e d  e a r l i e r  th e  d e t a i l s  o f 
t h e i r  chem ical p re p a ra tio n s*  About f i f t y  l in e s  a re  m easured 
and reco rd ed . These l in e s  a re  c l a s s i f i e d  in to  th re e  kinds* 
(1) th o se  th a t  shov/ second o rd e r S ta rk  e f f e c t s  (2 ) th o se  th a t  
show f i r s t  o rd e r S ta rk  e f f e c t s  and (3) th o se  th a t  show a  
S ta rk  p a t te r n  which i s  a  m ix tu re  o f f i r s t  and second o rd e r
15-
S ta rk  e f f e c t s .  A ll th e se  l i n e s  a re  l i s t e d  in  Table I .
Some o f th e se  l in e s  a re  having  w e ll re s o lv e d  S ta rk  components 
and t h e i r  low er J  and A  J  v a lu es  were a s s ig n e d . For th e  
r e s t  o f  th e  l in e s  only th e  o rd e r  o f  th e  S ta rk  e f f e c t  was 
a s s ig n e d . The J  =* O o ^ - ^ io / l in e  was id e n t i f i e d  and found 
to  be a  d o u b le t w ith  components a t  f re q u e n c ie s  36 ,436 .8  M c./Sec. 
and 3 6 ,4 3 6 .2  M c./S ec.
In  th e  ex p e rim en ta l arrangem ent u s in g  a  S ta rk  c e l l ,  th e
s t a t i c  and microwave f i e l d s  w il l  have e s s e n t i a l l y  th e  same
d i r e c t io n .  Hence A  M = 0 t r a n s i t i o n s  a re  th e  s t ro n g e s t
and a re  only ones o b se rv ab le  o r d in a r i ly .  In t h i s  case  th e
change in  fre q u e n c ie s  o f th e  S ta rk  con5)onents f o r  second o rd e r
i p “i %
S ta rk  e f f e c t s  w i l l  be o f  th e  form AV - ■ * -  ^ »
I f  A M  = 0 ,  th e  v a lu e  o f  M must be no l a r g e r  than  th e  s m a lle s t 
J  v a lu e  in v o lv ed  in  th e  t r a n s i t i o n .  Hence th e  number o f 
S ta rk  con5)onents ( d i f f e r e n t  v a lu es  o f  M^) g iv e s  d i r e c t ly  
th e  value  o f  th e  low est J  in v o lv ed  in  th e  t r a n s i t i o n .  In  th e  
c a se  A  J  “  0 th e  in te n s i ty  ra p id ly  d ec re ase s  w ith  M and 
th e  con^jonent M = 0 w i l l  be m iss in g  « i t i r e l y .  The o th e r
components w ith  low v a lu e s  o f  M may be r a th e r  weak. The 
r e l a t i v e  sp ac in g s  o f  th e  consonants a re  tised  in  id e n t i f y in g  
th e  M Value o f  each component. The ;^ a c in g s  o f  th e  
su c c e s s iv e  components in c re a s e s  w ith  K acco rd in g  to  th e  above 
r e l a t i o n .  ij'or th e  t r a n s i t i o n  w ith  A  j  = ±1  th e  in te n s i ty  
i s  p ro p o r t io n a l  to  ( J ^ -  M ) .  In  t h i s  case th e  conipon^t 
w ith  th e  s m a lle s t  M v a lu e  w i l l  have th e  maximum in te n s i ty .
•s<:^ueuo(5noo aepao-q.saTJ Jno j guiMoiis
8UTI •08£/»02i T *Tg^*92.P^ ®^TI ^
•sr^ueuocJnoo aepao -q .sjf j
XTS guTMoqs *oe£/*oy^ o<69‘K
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F o r  th e  t r a n s i t i o n  w ith  f i r s t  o rd e r  S ta rk  e f f e c t s  th e  change
in  fre q u e n c ie s  o f th e  S tark , con^onents i s  g iven  by = (ME.
The t r a n s i t i o n s  v/ith  J  = 0 w i l l  have th e  o u te r  con^onents 
14m ost in te n s e  and th e  t r a n s i t i o n s  w ith  J  = * 1  w i l l  have
th e  in n e r  com ponaits most in te n s e . In  e i t h e r  ca se  the
count o f  th e  number o f  con^jonents w i l l  g iv e  th e  low er J
v a lu e  in v o lv ed  in  th e  t r a n s i t io n *  T ra n s it io n s  in v o lv in g  th e
nondegenera te  le v e ls  and show e s s e n t i a l ly  q u ad ra tic
S ta r k  e f f e c t  C * ( a  + T ra n s i t io n s  in v o lv in g
th e  d eg en era te  sub le v e ls  3^ and th e  S ta rk  e f f e c t  w i l l  be
7
a  m ix tu re  o f f i r s t  and second o rd e rs . For low er J  va lues 
th e  S ta rk  e f f e c t  w i l l  be p redom inen tly  f i r s t  o rd e r  ( = OUe) .
However, f o r  th e  t r a n s i t i o n s  in v o lv in g  h ig h e r  J  v a lu es  th e  
S ta r k  e f f e c t s  w il l  be e i t h e r  a  m ix tu re  o f  f i r s t  and second 
o rd e rs  o r p u re ly  second o rd e r .
The l in e s  a t  3 6 ,4 3 6 .2  IZc./Sec. and 36 ,436 .8  M c./Sec. shown 
in  F i g . l  axe i d e n t i f i e d  as be long ing  to  th e  t r a n s i t io n  
J  ~ OoeT^ ^ o i  • observed  s p l i t t i n g  i s  p ro b ab ly  due to
th e  i n t e r n a l  m otions. The l in e  a t  26 ,451 .1  M c./Sec. shown 
in  F i g . l  has fo u r  f i r s t  o rd e r  S ta rk  con^jonents and th e  o u te r  
con^onents a re  most in te n s e .  The low er J  f o r  t h i s  t r a n s i t io n  
has been a ss ig n ed  aus 4  and A  J  = 0 , F i g .2 shows a  l in e  
a t  34,670 M c./Sec. w ith  s ix  f i r s t  o rd e r  S ta rk  con5)onen ts .
S ince  th e  in n e r  con^onents a re  most in te n s e , th e  A  J  f o r  t h i s  
t r a n s i t i o n  i s  a s s ig n e d  as  1 and th e  lo w er J  as 6 . F ig .3 
shows a  l in e  a t  ^ , 9 5 1 .4  M c./Sec. hav ing  th r e e  f i r s t  o rd er
•sq.ueuo(Siioo aepao-q.safJ
esaqr^ gUTmo^s -oec^-o jj =f7*jge*
• s%u3vod(moo a«pao-pttoo©s
eejni^ guTMo^s •o&s/*oji |^*q[TO‘ i.£
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S ta rk  components w ith  low er J  = 3 and ^  J  = 0 . F ig .4  shows 
th e  l i n e  a t  3 7 ,0 1 5 .4  K c ./S ec . w ith  th r e e  second o rd e r  S tark , 
con^onents* The in te n s i t y  and th e  m utual s ^ a r a t i o n s  f o r  
th e  S ta r k  con^onents o f  t h i s  l in e  in c re a se s  as one goes o f f  
from th e  zero  f i e l d  l i n e .  This su g g e s ts  th a t  ^  J  = 0 f o r  
th e  t r a n s i t i o n  and th e  low er J  as 3.
The l in e s  a t  f re q u e n c ie s  3 4 ,9 6 2 .4  M c ./S e c ., 32 ,178 .0  M c ./S ec .,
31 ,933 .7  K c ./S ec« , 30 ,010 .5  M c./Sec. and 25834.5 K c ./S ec . a re  
showing a  p e c u l ia r  S ta rk  e f f e c t .  At low S ta rk  f i e l d .  S ta rk  
components appear on e i t h e r  s id e .  B u t, as th e  S ta rk  f i e l d  
i s  in c re a s e d , th e  low frequency  S ta rk  congponent d isa p p ea rs  
and p ro b ab ly  re v e rs e s  i t s  d i r e c t io n .  This p e c u l i a r i t y  may 
be due to  ^the p re se n ce  in  S ta r k  energy^ b o th  l i n e a r  and quad­
r a t i c  term s ( CL!S + (a  + BM’") S^) hav ing  th e  same o rd e r
o r  m agnitude. At low er f i e l d s  th e  l i n e a r  term  dom inates and 
as  th e  v o lta g e  i s  in c re a s e d , th e  q u a d ra tic  term  which is  
n o rm ally  p o s i t iv e  b u ild s  iq) s u f f i c i e n t ly  to  re v e rs e  th e  S ta rk  
components which i n i t i a l l y  had n e g a tiv e  s h i f t s .  S ince th e  
S ta r k  components a re  n o t w ell re so lv e d  i t  was n o t p o s s ib le  to  
a s s ig n  th e  J  v a lu es  and A  J  ' s  o f th e  t r a n s i t i o n s .  These
l i n e s  belong  to  th e  d eg en era te  s p e c ie s  S. S im ila r  t r a n s i t io n s
2
were observed e a r l i e r  by Shimoda e t  a l  and L ide in  CE^NH  ^
spectrum . No o b se rv ab le  s p l i t t i n g s  o f  th e  l in e s  due to  
quadrupole moment o f  n i tro g e n  a re  n o t ic e d  in  th e  spectrum  
o f  CDjNH .^ .
Kicrov/ave sp e c tr tm  o f  CK^ ND2_ was s tu d ie d  in  th e  reg ion
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39,000 M c./S ec . to  18,500 K c /S e c .  The l i n e  belong ing  to  
th e  t r a n s i t i o n  J  = Oq^ I o, j has been id e n t i f i e d  a t  a  
frequency  38 ,907 .0  K c ./S e c . About s ix ty  l in e s  were meastired 
and reco rd ed . The l in e s  a re  l i s t e d  in  Table I I .  Most o f  
th e  l in e s  t h a t  were observed  e x h ib i t  second o rd e r  S ta rk  
e f f e c t s .  This may be due to  th e  f a c t  t h a t  p ro b ab ly  only 
t r a n s i t i o n s  in v o lv in g  h ig h e r  J  v a lu es  l i e  in  t h i s  re g io n .
The l i n e s  observed  a re  c l a s s i f i e d  acco rd in g  to  t h e i r  S ta rk  
e ffec ts* -
F ig*5 shows th e  38 ,907 .0  M c./Sec. l i n e  a t  100 v o l t s .
P tg .6  shows th e  same l in e  a t  500 v o lts*  I t  has only  one 
S ta rk  coii5)onen t. T his l i n e  was i d e n t i f i e d  a s  be lo n g in g  to
th e  t r a n s i t i o n  J  = Ooo“^ ^ o j  * i?’ig*7 shows th e  l in e  a t
34 ,496 .7  M c*/Sec. w ith  th r e e  Second o rd e r  S ta rk  conqponents*
The m utual s e p a ra t io n s  o f  th e  S ta rk  con^onents and t h e i r  
r e l a t i v e  i n t e n s i t i e s  su g g e s t t h a t  th e  low er J  fo r  t h i s  
t r a n s i t i o n  as 2 and A  J  a s  i  1 . i? i^g*8 shows th e  l in e s
a t  35 ,127 .7  M c ./S e c ., 35 ,1 4 1 .7  M c ./S e c ., 35 ,206 .7  M c./Sec. 
and 35 ,257 .9  K c ./S ec . a t  400 v o lts*  The d o u b le t a t  
3 5 ,1 3 ? .7  K c*/Sec. and 35 ,141 .7  M c./S ec . shows two second o rd e r  
S ta r k  caa5)onents a t  400 v o l t s .  A t 600 v o l t s  (F ig*9) only 
one S ta r k  component i s  v is ib le *  3 5 ,2 0 6 .1  M c*/Sec. and 
3 5 ,2 5 7 .9  M c./S ec. l i n e s  show two second o rd e r  S ta rk  coniponents 
w ith  A  J  = ±1*
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The spectrum  o f  CD NH
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Frequency in  In ten sA ty  Order o f  Niimber o f  Lower J ± J  
M c./S ec . S ta rk  S ta rk
e f f e c t  con^onents
38023.7 M 2 • • • • • • • ••
37951.4 S 1 3 3 0
37840*5 w 1 • • • • • • • • •
37812.2 a M 2 • • • • ••
37807.9 'a. M 1 • • • • • • • • •
37427.1 
D^
M 2 6 6 0
37386.3  ' 
37320.9 '
%
i
M
s
1
E
4 
• • •
4 
• • •
0 
• • •
37230 ±  10 w Z • • • • • • • ••
37148 dr 10 w z • • • • • • • • •
37015.4 '
a
M z 3 3 0
35856.9 
C^ s 1&2 • • • • • • • • •
36816.6 w 1&2 • » • • • •
36753.7 w 1 • •• • • • • • •
^ 4 5 1 .1 M 1 4 4 0
36436.8 
36436.2  j
s 2 1 ~ Ooo^±o, )
35590.6 ' 
35588.1
s 2 5 5 0
35324.7 M 1&2 • • • • • • • • •
35202.1 w 1 • • • • • • • • •
table I  (c o n td .)
2.C
F requaicy  in  I n te n s i ty  O rder o f Niiraber o f  Lower J  
M c*/Sec. S ta rk  S ta rk
e f f e c t  con5)onents
± A J
25171.4 ® S 1&2
35135.7 s 2
35100 * M 2
34995.6 W 2
34952.4 ^ s m 2
34670 * w 1
34625 * w 1
33900 * w 1
33860 * w 1
•
33692.1 s 2
33664.2 s 1&2
33160.4 M 2
32968.3 W 2
32298.0 w 1
32267.4 s 2
32178.0 ^ w 1&2
*1
31933.7 M 1&2
^  ni 
316D6.2 S 2
31422.9 s 2
30057 .2 M 2
30010.5 W 1&2
6 6 0
XI
TABLE I  (c o n td .)
Frequency in  I n te n s i ty  Order o f  Humber o f Lower J  i A  J  
Mc*/Sec« S ta rk  S ta rk
e f f e c t  components
29913.2 P S 2 • • • • • • • • •
29507.2 H 2 • • • • • • • • •
28601.6
q S 2 2 2 0
27815.0
r
S 2 2 2 1
27472.5
s s 2 • • • • • • • • •
25824.5
t
w i&2 • • • • • • • • •
25570.4
u w 2 2 2 1
24912.1
V w 2 3 3 1
F requencies o f th e se  l i n e s  a re  m easured w ith  waasm eter
only • ■
a) These l in e s  l i e  c lo se  to g e th e r .  A f i r s t  o rd e r l in e  
and a  secondr-order n e ig h b o u rin g  one has been observed  in many 
c a se s .
b) Very l ik e ly  th e re  a r e  s ix  S ta rk  con^ionents. F ive
components a re  w e ll seen .
c) There i s  a  weak l i n e  on th e  low frequency s id e  o f t h i s
l i n e  which shows se co n d -o rd e r S ta rk  e f f e c t .
d) Shovifs th re e  con^onents th e  f a r t h e s t  be ing  w ell sepa­
r a te d .  The n e a r e s t  one shows up some u n reso lv ed  s t r u c tu r e
a t  h igh  v o lta g e s  and p ro b ab ly  i s  a  m ix tu re  o f  some components.
I t  appears t h a t  th e  t o t a l  number o f  components i s  p ro b i^ ly  more
th a n  f iv e  o r s i x  and A J  = 0 , b u t t h i s  co n c lu sio n  i s  ndct 
d e f i n i t e .
e) Has a  n e ig h b o u rin g  l i n e  on th e  low frequency  s id e  
showing f i r s t - o r d e r  S ta rk  e f f e c t ,  th e  S ta rk  p a t te r n  f o r  which 
i s  n o t  re so lv e d .
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f)  Shows th r e e  f i r s t - o r d e r  S ta rk  con5)onents on each s id e
and one more S ta rk  eon^onent on h igh  frequency  s id e  which is  
more in te n s e . The s tro n g  component a t  h ig h  v o lta g e s  shows 
th re e  b road  envelopes*
g) The S ta rk  component on th e  h ig h  frequency  s id e  re so lv e s
in to  s ix  w h ile  th e  one on th e  low frequency  s id e  s ta y s  sis one.
h) Three components a re  seen . P robab ly  th e re  a re  more.
But th e se  a re  mixed w ith  a  v/eak se c o n d -o rd e r l in e  th a t  l i e s
between 35171.4 Me. and 35135.7 Me. l i n e s .
i) There a re  two o r th r e e  b road  envelopes fo r  th e  S ta rk  
p a t t e r n  on th e  h ig h  frequency  s id e  w hile  only one on th e  low 
frequency  s id e .
j )  Two S ta rk  con5)onents on h ig h  frequency  s id e  s e a l  c le a r ly
and only one S ta rk  component i s  seen on th e  lov/ frequency s id e
which i s  mixed up w ith  th e  S ta rk  com ponait o f th e  3I;:^0 Me. l i n e .  
I t  i s  n o t c le a r  w hether t h i s  l in e  i s  showing a  f i r s t - o r d e r  or 
a  m ix tu re  o f f i r s t  and seco n d -o rd e r S ta rk  e f f e c t .
k) There a re  two S ta rk  components on each s id e .  But 
a t  h ig h  v o lta g e s  th e  one on th e  low frequency  s id e  goes down 
g ra d u a lly  and d is a p p e a rs .
l )  There i s  one S ta rk  conponent on each s id e  a t  low
v o lta g e . At h ig h  vo lgages th e  one on th e  h igh  frequency s id e
s p l i t s  in to  two w hile  th e  one on th e  low frequency  s id e  moves 
tow ards th e  main l in e  and slow ly  d is a p p e a rs .
m) The S ta rk  component n e a r e s t  to  th e  main l in e  i s  s tro n g e s t  
and  p ro b ab ly  corresponds to  M = 0 ,1 .  The m utual s e p a ra tio n  
in c re a se s  f o r  th e  component away from th e  main l i n e .
n) Shows th re e  S ta rk  components a t  300 V. th e  n e a re s t  one 
to  th e  main l i n e  being  th e  most in te n s e . A t 900 v o l ts  the 
in te n s e  con^onent b eg in s to  show t:^ ) more con^onen ts.
o) At low v o lta g e s  t h i s  l i n e  shows one S ta rk  con^onent 
on each s id e .  A t h igh  v o lta g e s  th e  one on th e  h ig h  frequency  
s id e  broadens in to  two envelopes w h ile  th e  one on th e  low 
frequency  s id e  slow ly  d isa p p ea rs  (p ro b ab ly  moves tov/ards th e  
main 1 in e ) .
p) Appears to  show fo u r  o r  p ro b ab ly  more S ta rk  coraponaits* 
th e  one away from th e  z e r o - f ie ld  l i n e  being  more in te n s e .
The f a r t h e s t  ones have sm a lle r  m utual s e p a ra t io n s .
q) At low p re s s u re s  th e re  appears to  be a  weak main 
component on th e  h ig h  frequenpy s id e .  There a re  two S ta rk
2.5
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com ponents, th e  f a r t h e s t  one iDeing more in te n se*  The m ut^ual 
sepaxaticx i f o r  th e  two S ta rk  congponents i s  more than  th e  
s e p a ra tio n  between th e  main l i n e  and th e  n e a r e s t  S taric con^jo- 
n e n t .
r)  S im ila r  to  th e  l i n e  marked m.
s) Shows i r r e g u la r ly  spaced  S ta rk  con^ionents* This may 
be due to  s u p e rp o s i tio n  o f a  weaJc lin e #
t )  There i s  one S ta rk  con^onent on each  s id e  a t  low 
v o lta g e s .  A t h ig h  v o lta g e s  th e  one on th e  h ig h  frequency  s id e  
ap p ears  to  ^ l i t  in to  more than  one con^onent and th e  one on 
th e  low frequency  s id e ,  slow ly  goes down in  in te n s i ty  l ik e  
t h a t  f o r  th e  l i n e  marked 1.
u) S im ila r  to  th e  l i n e  marked r .
v) At 250 v o l ts  t h i s  l i n e  appears to  show fo u r  S ta rk  
components* The f a r t h e s t  one p ro b ab ly  corresponds to  M = 0 ,
A t 225 v o l ts  t h i s  shows th r e e  S ta rk  corrponents o f  which th e  
f a r t h e s t  one b e in g  more in te n s e ,  p robab ly  corresponds to  M = 0 , 1 . 
I t  looks l ik e  A  J  = ±  1 th e  low er J  being  3 , b u t t h i s  cannot 
be s a id  d e f in i t e ly  as  th e re  is  a  vireak l i n e  si:®erposed on th e  
S ta rk  ion5)onen ts .
TABLS I I .
The spectrum  o f  CH^ ND^ ^
Frequency in  I n te n s i ty  Order o f Number o f Lower J  ± A J  
K c ./S e c . S ta rk  S ta rk
e f f e c t  coir^onents
38907.0
38583.3
38365.4
38252.6
38159.1 ^
20070.7
36027.1
35257.9
35206.1
35141.1 ^
35137.7 ^
34496.9
34375.1
34203.8
32487.8
32081.2 
31729.6
29585.5
29268.2
29141.5
28145.5
s 2 1 0 1
M 2 2 o r 3 • • • • • •
W 2 • • • • • • • • •
w 1 • • • • • • • • •
M 2 • • • • • • • • •
M 1 • • • h igh  J
S 2 • • • h igh  J • • •
w 2 2 • • • 1
11 2 2 • • • 1
s 2 1 o r  2 • • • 1
s 2 1 o r 2 • • • 1
s 2 3 1
w 2 2 o r  more • • • 1
w 2 2 o r  more • • • 1
s 2 • • • • • • • • •
s 2 3 • • • 0
s 2 2 • • • 1
w 2 • • • • • • • • •
V 2 • • • • • • • • • *
s 2 2 • • • • • •
s 2 5 * • • • • •
table I I  (c o n td .)
2. S'
Frequency in  I n te n s i ty  O rder o f  Number o f  Lower J  i  
M c ./S ec . S ta rk  S ta rk
e f f e c t  conjjonents
28109.3
27429.8
26725.3 
^ 7 2 0 .3  
26235
26141.6 
26060.1 
25947
25841.6
25790.9 
25488 .1d
M 2 3 • • • • . •
M 2 • • • • • • • • •
M 2 • A • • • • • • •
M 1 • • • • • • • • • •
M 2 2 • • • • • •
S 2 6 • • • 0
M 2 • • • h igh  J • • •
S 2 ♦ • • • • • • • •
W 2 3 2 o r  3 1
M 2 • • • 1
M 1&2 3 on l . f . s i d e . . • • • •
2 on h . f . s i d e
25242.8 W 1 • • • • • • • • •
25091.9 w 2 • • • # • • • » •
25021.8® w 1 # • • • • • • • •
24798.9 M 1 2 2 0
24128.8 s 2 • # • h igh  J ..1
24006.6 M 2 • • • h ig h  J • • •
22722.0 W 2 • • • • • •
23513.3 S 2 2 2 i
22980.9 w 2 • • • • • • • • •
22608.0 s 2 4 • • • 0
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table  I I  ( c o n t d . )
Frequency in  
M e./See.
I n te n s i ty O rder o f 
S ta rk  
e f f e c t
Number o f 
S ta rk  
components
Lower J
22589.5 S z 2 • • • • • •
22582.0 K 2 • • • • • • • • •
Z Z L ^.'d 1 • • • • • • u
21765.9 U 2 high  J  • • •
21209 w 2 # • • • • • • • •
21052.9 tf 1 • • • • • • • • •
21020.2 tf 1 • • • • • • • • •
20929.2 s 2 • • • h igh  J  • • •
20247.5 H 1 • • • • • • • • •
20084.0 M 2 • • • • • • • • •
20076.7 M 2 • • • • • • • # •
19759.9 W 2 • • • • • • • • •
19729.3 M 2 • • # • • • • • •
19560 .4 M 2 • • • • • • • • •
19252.6 S 2 • • • • • • • • •
19107.9 w 1 • • • 0
a) T his l in e  i s  n o t re s o lv e d  and a  neartiy weak f i r s t  o rd e r  
l i n e  i n t e r f e r e s  w ith  th e  S taric  s tn i c tu r e .  P robab ly  th e  
t r a n s i t i o n  in v o lv es  h igh  J  v a lu e s .
b) This l in e  i s  a  d o u b le t, only one S ta rk  component i s
v i s i b l e .  May be th e re  a re  two S ta rk  com ponents.
c) A nearby  v/eak l i n e  in t e r f e r e s  w ith  S ta rk  s t r u c tu r e .
•2.7
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d) This l in e  shows a  p e c u l ia r  S ta rk  e f f e c t .  At low
S ta rk  f i e l d s > S ta rk  conroonents appear on e i t h e r  s id e  o f  th e  
main l i n e .  As th e  v o lta g e  i s  in c re a se d , th e  low frequency 
S ta rk  components re v e rse s  i t s  d i r e c t io n .  S im ila r  l in e s  
were o b ta in e d  by L ide and Shimoda in  th e  spectrum  o f CEjNHj  ^
and a ls o  in  th e  spectrum  o f  which was given e a r l i e r .
e) This l in e  i s  a  t r i p l e t .  Only th e  in te n s e  con^onent 
wfas m easured.
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C H A P T E R  H I
KCLSCULAR SIRUCTURE OF
ABSIRACT.
Using th e  f re q u e n c ie s  o f J  = 0^^—  ^ » r o ta t i o n a l
l in e s  of th e  fo u r  is o to p ic  sp e c ie s  OD^H2 > GH^I)2
ajid CH2NH2 » and assum ing th e  CH d is ta n c e  and HCH a n g le , 
th e  o th e r  s t r u c t u r a l  p aram ete rs  a re  de te rm ined . The 
s t r u c t u r a l  p a ram ete rs  so o b ta in ed  a re  th e  f  o llow ing i
= 1 .013 A, dcN = i .4 7 6  A, HNH = IOg’ 22 , GNH = 112° 13^ 
and th e  d is ta n c e  of th e  n itro g e n  atom from  th e  symmetry a x i s  
of th e  m ethyl group i s  o  o ‘^ '2-A .
-o e s / 'o i^  suTI
Q^ 'i. guoiB 6h#hO  jo  S9UTI ' i°7 t - 0«?Q = P
^0
Iv 'olecular p a ram e te rs  o f  m ethylam ine were c a lc u la te d
1 2 
e a r l i e r  l3y I to h  > from th e  spectrum  o f L a te r ,  L ide
c a lc u la te d  th e  m o lecu la r p a ram ete rs  u s in g  th e  s ix  p r in c ip a l
momaits o f  i n e r t i a  o f  and GDa^ iMU^. ; assum ing th e
CH d is ta n c e  end HCH a n g le . In  th e  p r e s e n t  v/orkj th e
m o lecu la r p aram ete rs  a re  o b ta in ed  u s in g  th e  fre q u e n c ie s  of
th e  fo u r  J  = 0^^ ^ -lo i t r a n s i t ic a is  b e lo n g in g  to  th e  fou r
i s o to p ic  sp e c ie s  CDjNDj., ODjKHx and CH^NDi. The
“  Oo^—  ^^oi  t r a n s i t i o n  o f was re p o r te d  e a r l i e r  1:^
K ishikaw a to  be a t  a  frequ® icy o f  44 ,286 .56  M c./3ec.
However, Venkatesw arlu'^ o b ta in e d  t h i s  l i n e  a t  a  frequency  of
4 4 ,2 8 4 .4  M c./S ec. and a ls o  a  d o u b le t w ith  con^onents a t
f re q u e n c ie s  4 4 ,3 2 6 ,0  M c./S ec . and 4 4 ,3 4 2 .6  M c./Sec. which
cou ld  be th e  J=  0^^— l i ne .  The l i n e  a t  4 4 ,2 8 4 .4  Fc./Sec:.
i s  p robab ly  a  v ib r a t io n a l  l i n e  o f  th e  t r a n s i t i o n  J  =
F i g . l  shows th e  J  = 0^^ ^ i-e r  l i n e  o b ta in ed  by V enkatesw arlu
w ith  ccsaponents a t  f re q u e n c ie s  44 ,3 3 6 ,0  M c./Sec. and
4 4 , ^ , 6  M c./S ec. a long  w ith  th e  l i n e  a t  4 4 ,2 8 4 .4  M c./Sec.
The f re q u e n c ie s  o f th e  J  = Oqo'~^ ^ oi t r a n s i t i o n s  f o r  th e
d i f f e r e n t  d e u te ra te d  is o to p ic  sp e c ie s  of m etierlamine a re
g iv en  in  Table I .
The frequency  of th e  r o ta t i o n a l  t r a n s i t i o n
0
______________________________  =
n
fo r  m etl^ lam ine i s  g iven  by
6 n^ Ic I
2)1
where Ig, and Ic axe th e  moments o f  i n e r t i a  o f  th e  m olecule 
ab o u t th e  two axes p a s s in g  th ro u g h  th e  c a a tr e  o f  mass o f  -Uie 
m olecu le and p a ip e n d ic u la r  to  th e  syinmetry axes o f  th e  m ethyl 
grot:®. I , I s  th e  moment o f  i n e r t i a  o f  th e  amino group abou t 
th e  ^nnmetry a x is  o f  th e  methyl^grot^)* D i s  th e  p ro d u c t of 
i n e r t i a  o f  th e  m olecule* The q tia n tity  E i s  th e  c o n tr ib u tio n  
a r i s i n g  from th e  in te m s i l  m o tions. F or c a lc u la t in g  th e  
s t r u c t u r a l  p a ram ete rs  th e  q u a n t i t ie s  D and E co u ld  be 
n e g le c te d  s in c e  th e  e r r o r s  in  n e g le c t in g  th e s e  w il l  n o t 
p ro b ab ly  be more th an  th e  e r r o r s  inv o lv ed  from th e  e f f e c t  of 
z e ro -p o in t  v ib r a t io n a l  e n e rg ie s . N e g le c tin g  D and £  E q .( l )  
becomes
( 2)
w hich i s  th e  eq u a tio n  f o r  an asymm etric r i g i d  r o to r .
M olecu lar p a ram e te rs  a re  c a lc u la te d  u s in g  th e  f r e q u e n c e s  
o f th e  J  = l i n e s  o f  th e  fo u r  d e u te ra te d  is o to p ic
sp e c ie s  and th e  e x i s t in g  d a ta  on CD^ ND^  . The d is ta n c e  d^g 
and  th e  an g le  HCH a re  assumed. The m o lecu lar p a ram ete rs  
t h a t  g iv e  th e  b e s t  f i t  to  th e  e :q )erim en ta l d a ta  a re  g iven  in  
Table I I .
The d is ta n c e s  a re  ex p ec ted  to  be more a c c u ra te  than  th e  
a n g le s . The u n c e r ta in ty  in  th e  hydrogen d is ta n c e s  and th e  
an g le s  i s  p ro b ab ly  w hereas th e  (3J d is ta n c e  i s  expected  to  
be more a c c u ra te . The p r e s e n t  p a ram e te rs  a re  n o t s ig n i f ic a n t ly
p
d i f f e r e n t  from th o se  o b ta in ed  by L ide . The CKH ang le  i s
2.2.
abou t 5^ l a r g e r  th an  th e  apmonia a n g le . The C3M d is ta n c e  i s  
1 .476  A which i s  in  good agreem ent w ith  th e  v a lu e  o b ta in ed  
from th e  e le c tro n  d i f f r a c t i o n  d a ta .^  The n itro g e n  atom 
i s  found to  be a t  O-O'RZ A from th e  symmetry a x i s .  The 
e r r o r s  in vo lved  from th e  e f f e c t  o f z e ro -p o in t v ib r a t io n a l  
e n e rg ie s  a re  e^^ec ted  to  be le s s  than  0 .005 A. The moments 
o f  in e r t ia *  p ro d u c ts  o f i n e r t i a  and th e  r o ta t io n a l  co n s tan ts  
f o r  th e  d i f f e r e n t  i s o to p ic  sp e c ie s  c a lc u la te d  from th e  d a ta  
a re  g iven  in  Table I I I .  The a lg e b ra ic  form ulae used  in 
c a lc u la t in g  th e  s t r u c t u r a l  p a ra jn e te rs  a re  o b ta in e d  in  the  
Appendix. P<wja36)
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TABLS 1.
O bserved fre q u e n c ie s  o f  th e  r o t a t i o n a l  t r a n s i t io n s
o f m ethylam ine in  th e  g ro m d  v ib r a t io n a l  s t a t e .
M olecule Frequency in  
M c./Sec.
A V 
in  K c ./S ec .
Average f re q u a ic y  R eferences 
in  M c./Sec.
CH NH,2) ^
4 4 ,3 2 6 .0 *
4 4 ,3 4 2 .6 ’
6 .6 4 4 ,3 3 9 .3 (4)
CUjND^ 52 ,121 .23 0 32 ,121 .23 ( 2)
CUjKHj,
36 ,436 .8
3 6 ,4 3 6 .2
0.6 36 ,436 .5
P re s e n t
work.
CH^ND^ 38,907 .0 0 38 ,907 .0 P re s e n t
work.
♦  N tshikaw a i d o a t i f i e d  J  = Ooo“^ io i  t r a n s i t i o n  a t  a  freq tiem y  . 
4 4 ,2 8 6 .5 6  M c./Sec. T his l i n e  was a ls o  o b ta in e d  by Y aikatesw arlu^  
an d  p ro b ab ly  co rresponds to  J  *  Ood“ ^ 1 o< t r a n s i t i o n  in  th e  
e x c i te d  v ib r a t ic a ia l  s t a t e  o f t h i s  m o lecu le .
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table  I I .
l.-O lecular S tru c tu re  o f  H ethylam ine.
CH d is ta n c e  = 1 .093 A (assum ed).
HCH ang le  = 109 30 (assum ed).
( th e  an g le  th a t  (U b a r  makes w ith  th e  symmetry a x is  of 
th e  m ethyl groupi = 3^35 i  20 .
NK d is ta n c e  = 1 .013  A i  0 .005  A.
Q'l d is ta n c e  = 1.476 A-
an g le  = 106° z d  ± 1 ,
OJH an g le  = 112^13^=i:l.
2>S^
JABLS I I I .
i'he momenta o f  in e r t ia *  p ro d u c ts  o f i n e r t i a  and th e  r o ta t io n a l  
c o n s ta n ts  o f th e  d i f f e r e n t  d e u te ra te d  is o to p ic  sp e c ie s  of 
m ethylam ine.
M olecule in  2
sjnu. • A.
I b
in  2  
ajnu.A
in  2 
amu. A
A
in
l^c ./S ec .
H
in
M c./Sec.
C
in
M c./Sec.
D
in
amu.A'
CH-NH • • • 22.335 23.228 • • • 22632,8 21706.6 -0 .0 9 5
2 9.647 30.51b 32.501 52401.0 16549.5 15571.7 0.732
GD^NH^ • • • 27.279 28.232 • • • 18531.3 17905.4 -0 .1 4 9
• • • 25.020 27.016 20195.7 18711.1 0.727
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APPSNJDIX
Moments o f i n e r t i a  and P ro d u c ts  o f  i n e r t i a  o f methylamine 
m o lecu le .
F ig .2 (a )  shows th e  model o f m ethylam ine m olecule taken
f o r  th e  e v a lu a tio n  o f th e  s t r u c t u r a l  p aram ete rs  in  term s of
moments o f  in e r t ia *  P ? i s  th e  symmetry a x is  of th e  methyl
g ro u p , '•i, M and G a re  th e  r e s p e c tiv e  c e n tre s  of mass o f th e
amino group* th e  m ethyl group and of th e  e n t i r e  molecule*
m l, m£ a re  th e  m asses o f  hydrogen o r deu terium  as th e  case
may be. The d is ta n c e s  d _ , , d^ and d., a re  taicen to  heGN Q3a^  Nm^
a , b and c r e s p e c t iv e ly .  x i s  th e  d is ta n c e  of m,from th e  
y - a x is .  i?'ig*2L(b} shows th e  p lan e  co n ta in in g  th e  th re e  m ' s  
of th e  m ethyl group and i? 'ig .2 ic) shows th e  CN bond and 
m^Nm2_ p la n e . The p la n e  p a s s in g  through  GN, p e rp e n d ic u la r  to  
th e  page and th e  m^ Nm^  p la n e  a re  a t  ang le  A • The ang le 
mj,Nm2^ i s  2.o( , MT is  th e  b is e c to r  o f mj^m2_ an g le .
From F ig ,2i b ) ,  th e  moment of i n e r t i a  o f th e  th re e  m^  p lan e  
abou t th e  a x is  y* i s
1.
The moment o f i n e r t i a  of th e  th re e  m s about y a x is  i s  then  
2-
of carbon atom
y n c  odS p> y~
of n itro g e n  atom
-  ' m ^ ( b S i w 5 - x i - a 6 : . s / i )
Of 2
-  GdScX CoS >  -t- b SuA h - a n -  <X coS 
-I-
T h e re fo re , th e  moment o f  i n e r t i a  o f  th e  e n t i r e  m olecule about 
an a x is  p a s s in g  th rough  th e  c e n tre  o f mass o f th e  molecule 
and p e rp e n d ic u la r  to  th e  symmetry a x is  o f th e  m ethyl group i s
+  ^ ')T |PC ^-+ .'W 1^  0<-— C L C o S p ,j^
+ -vyim Cbcos6-X+ acosp>y- 
^  ’Z'Y/\^ ( j^C o S c(C cs '^  b> CcDSb '  XH OLCoS^^-i-C^Suao(
^V alua tion  o f x .
Taking moments ahou t we have
C M  = cx O D S j h J ^
From th e  tr i .a n g le  ACM, we have
(\N = bScA& cu^a Ac-
^  S ua"^
From th e  moments about
\N^ Q . c. aoSoC '^^2.
and
AQ  = A N -N 61=  b S ^  _  c <asd 2,wi^
SuaA ">10^/
The moments about G g iv es
6  M _ VU/s/
6 1 M M '
where M i s  th e  mass of th e  e n t i r e  m olecu le .
From t r i a n g le
H ^ 0 (M - O N  ^ QiM
" q Im  M X ~ |! \M -A ^ (2dSA
T h erefo re
O M  = ( f t H - A Q C i 3S A )
'auC ^S p) '^c. -{- b  SuaGS+/\)
owc+-^vn,M
V) S  ^  ^  Cc^ }\ +  C^CoSc  ^CcdS 2- » 0 ^
'2_m 2,+  >nN_
and
X  -  c x  C o S  -I- O C
- cloS +OM-CM
X is  th erefore  given  by
X  ^  2--)n0^ y V cLt:iDS >nc
S>r»|-+VVTC
•+ ^  ^  b S ^ S c i j f P l  -hC O^yS^QDS}^ 2,ho
:z.vr)T+>vi2/  AJ
I'Oment o f  in e r t ia  o f the m olecule about the symmetry 
a x is  o f methyl group is
A -  "' /^V  ^ ScAA (Si 4- ^Vvi2- ^  ^  (A A ^
+-2-Vvi^ C^c o Sct^ S caaA  -b S x A S j^ -f c^Su/C kJ
and
J  - T „ i  2-W, C^SUA.V -  ■«« (bSU^d'HOt,)^ 
— OGi
-  X ' w \ 3 , C < ^ ' ^ ' = ^ S w A - b ■ & A ^ 5 ' - o t = ^ )
Products of i n e r t i a *
The p roducts  of i n e r t i a  D is  given by 
D-- 5 ' W ; 3 l i ^ c
-- 4 -
Cc - to C n ^
—  V i ^ ^ b ^ ( f + o O (  b C o s S  i- ^ 0 ^ 1 ^ )
4 'WA O G ) C ^ - ^ c ^ [ ^ ^  ) 0 ( h
'>vic'^3>>u,
OG w il l  be neg a tiv e  fo r and aDjNHj_ and p o s i t iv e  fo r
CH^ND  ^and CD^D^ .
The angle m,NC in terms of X and m,Nm, ang le;
R efe rrin g  to  £ ''ig .3(c) and tak in g  the t r ia n g le  CWT,
2.TN C1M COSA^TC"^- C N - T N ■2- 
V
A
x b  c GoSc< Cos;>i  ^ d'^-c^ScA^o<-c^(i?s^o(-b' 
dl^ -  b^ -4-C^- 2-bc CoS 
C o S  A -
CoScX
4-0
R s i? ^ a jc s s
1 . T .I to h ,  J .P h y s .S o c .J a p a n , JU,, 264(1956),
2 . D ,R .L id e ,J r . J.C hem .Phys. £ 7 ,  54t3(1957).
5 . T .N ishikaw aj J>Ph7s«Soc.Japan* 12, 6ti8(1957)«
4 ,  P .V en k a te sw arlu , p r iv a te  com munication.
5 , P .V enkatesw aElu and W .G o i^ , J«Chan«Phys.23> 1200(1955),
6 ,  P .W .A llen and L .S # 3 u tto n , A cta . Cry s .  3 ,45(1950) •
C H A P T S a IV.
DSTSHUaNATION Ui?' T0H3ILNAL COIMS'HAJ'J K  i’UH CD3 IMH2 .
ABSTRACT.
Some o f  th e  l in e s  belo n g in g  to  th e  s e r ie s  
of CD^NH^are id e n t i f i e d .  Using th e  method of e a r l i e r  
w orkers, th e  h e ig h t  of th e  p o te n t i a l  b a r r i e r  was determ ined . 
The h e ig h t of th e  b a r r i e r  so o b ta in ed  f o r  CDgNH2 i s  686 ccT^  
and i t  i s  in  c lo se  agreem ent v^ith th o se  of CH^^H2  (691 .1  cm) 
and CD3^ 3D2 (684 .7  ciiO .
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M ethylam ine m olecu le  belongs to  th e  ty p e  o f  asym m etric
h in d e re d  r o to r s  w ith  h ig h  p o te n t i a l  b a r r i e r .  B urkhard and
D ennison^ fo rm u la te d  a  th e o iy  f o r  asym m etric h in d e re d  ro to r s
assum ing t h a t  th e  h in d e re d  m otion in v o lv e s  th e  r o ta t io n  o f
a  p a r t  o f  th e  m olecule which i s  a  r i g i d  symm etric r o to r ,
ab o u t i t s  a x is  w ith  r e s p e c t  to  a  second p a r t  o f  th e  m olecule
w hich con5) r is e s  a  r i g i d  asym m etric r o to r .  T h ^  assumed
a  h in d e re d  p o te n t i a l  o f  th e  form H j ^  C.[ -  Cob ~byi) where
1-1 i s  th e  h e ig h t o f  th e  hindeoring p o te n t i a l  and x  d e sc r ib e s
th e  r e l a t i v e  o r ie n ta t io n s  o f  th e  two g ro in s .  Hecht and
2
Dennison*" ex tended  th e  th e o iy  o f h in d e re d  r o ta t io n  to  th e
ty p e  o f m olecu les w ith  h ig h  p o te n t i a l  b a r r i e r s ,  where th e
h in d e re d  r o ta t io n  s p l i t t i n g s  a re  sm all compared to  th e
r o t a t i o n a l  e n e rg ie s ,  b u t la rg e  enough to  be observed  in
th e  microwave re g io n . T h is th e o ry  can be a p p lie d  to  th e
m et^ylam ine m o lecu le . Lide'^ has c a lc u la te d  th e  p o te n t ia l
b a r r i e r  f o r  CD ND u s in g  t h i s  th e o ry . In  t h i s  ch a p te r  3 2.
t h i s  th e o ry  w i l l  be a p p l ie d  to  CD NH  ^ .
In  th e  tre a tm e n t o f  to r s io n a l  r o to r  w ith  r e l a t iv e ly  
h ig h  p o te n t i a l  b a r r i e r  ^  j_|  ^ H C ^  3-Q ^ th e  
H am ilton ian  i s  f i r s t  w r i t te n  in  term s o f moments o f i n e r t i a  
AjB^C (A  > 13 > c  ) p ro d u c ts  of i n e r t i a  D w ith  re s p e c t
to  th e  norm al co o rd in a te  system . The m a tr ix  elem ents o f 
t h i s  H am ilton ian  a re  th en  w r i t te n  in  term s o f b a s ic  fu n c tio n s  
Vfhich would be th e  ex a c t w avefunctions i f  b o th  th e  r o ta t in g  
groups a re  sym m etric. The to r s io n a l  s t a t e  i s  s p e c if ie d
by th e  quantiim nxambers K and T  and th e  r e p re s e n ta t io n  i s  
la b e l l e d  by K ^T  T  "the t o t a l  a n g u la r  momentum*
The v ib r a t io n a l  quantum number n  i s  zero  fo r  th e  ground 
v ib r a t io n a l  s t a t e  and w i l l  be o m itted . The quantum m echanical 
p a r t  o f  th e  H am iltonian  can then  be s p l i t  in to  two p a r t s ; ^  
th e  f i r s t  p a x t of v;hich has th e  same form  as f o r  th e  
sym m etric r o to r  p ro v id e d  th e  r e c ip ro c a l  moments o f i n e r t i a  
7 a i s  re p la c e d  by^’^ "I re p la c e d
and th e  reduced  moment o f i n e r t i a6  -+ C -  6
t ic -^7
C^C2_ !q  i s  re p la c e d  by ^ 2.
th e  moments o f  i n e r t i a  o f  th e  two p a r t s  o f  th e  m olecule 
abou t th e  symmetry axis*  The second p a r t  of th e  H am iltonian 
a r i s e s  from th e  asymmetry o f th e  m olecule and g iv e s  r i s e  
to  th e  o f f -d ia g o n a l term s in  th e  energy m a tr ix , th e  e f f e c t  
o f  which i s  very sm all as th e  b a r r i e r  h e ig h t becomes la rg e .  
The energy m a tr ix  can be w r i t te n  in  term s o f (V , and C 
th e  moments of i n e r t i a .  At t h i s  s ta g e  a  d iag o n a l term  
sh o u ld  be added to  account fo r  th e  in v e rs io n  s p l i t t i n g .
Thus we w il l  have two sub m a tr ic e s , one co n ta in in g  — K I
term s and g iv in g  th e  energy of symmetric in v e rs io n  s t a t e s  "s'* 
and th e  o th e r  co n ta in in g  terras and g iv in g  th e
an tisym m etric  s t a t e s .  Symmetry c o n s id e ra tio n s  r e q u ire  th a t  
th e re  can be no connections between th e  "a** and ’*s" m a trice s
t“i r7
The d iag o n a l m a trix  elem ents can be w r i t te n  as
' - L  +
4 _  (\
'  b + C
2, 3 c -D
T- 4
^ K.7 "
(  jc j+ i)  
l<^
( 1)
The o ff-d ia g o n a l term s a re
< T  K T ; J i C t I  ? ' >  c
4- \ 11)"--+O'
7z
I -  1
K /?  _
/  JKT; TKtlT'') )[u--K)a-K'OCrtKi-OCrfK+ij]'A
'  & \ ^ A I 5 -+Dy
■X
4 4
( 2)
|c.-H,7  ^K+2,7
where th e  q u a n t i t ie s  a  , and o  ir o  a re  in te g ra ls
X .7  ■
in v o lv in g  th e  to r s io n a l  v /avefunctions. These a re  independent
o f to r s io n a l  s t a t e  in  th e  h ig h  h a r r i e r  l im i t  and u s e fu l  
ejqpansions f o r  t h i s  ca^e were given in  re fe re n c e  ( 2) .
The in tern al energy E: is  a p e r io d ic  function of 2/)
rsl' ----  ^ __
3 c
and can be expanded as a  F o u r ie r  s e r ie s  in  y  . I n  the  
h ig h  b a ir r ie r  l i m i t  only th e  f i r s t  term  o f th e  F o u rie r  s e r ie s  
i s  s ig n i f i c a n t .  T h erefo re
F ^ P  ~  ^  A ^ C o s V  
^<.10 ' - 0 5 ^ ^
(3)
Ab"
where th e  p a ram e te r i s  d i r e c t ly  r e l a t e d  to  th e  to r s io n a l  
p o t e n t i a l  ^  ^ i s  co n s tan t f o r  a  p a r t i c u l a r  v ib ra t io n a l
s t a t e  and i t  w il l  n o t  c o n tr ib u te  to  a  r o ta t i o n a l  t r a n s i t i o n .
H echt and D ennison gave a  sem iem p irica l e j^ re s s io n  fo r
4c o n fu te d  by co n tin u ed  f r a c t io n s  tech n iq u e  . ji’o r  th e  
ground v ib r a t io n a l  s t a t e  ( Tl z o  ) and f o r  th e  range
S'o ^  loo
^ V c , c ^ /  —
A-c, i s  g iven  by
The above fo rm ula  i s  ex p ec ted  to  be a c c u ra te  v /ith in  1 or 2/o.
Some o f th e  l in e s  belo n g in g  to  th e  s e r ie s  J | j
(co rre sp o n d in g  to  th e  symmetric r o to r  t r a n s i t io n s  X o —^ J /   ^
a re  observed  in  th e  re g io n  38,000 M c./Sec. to  24,900 M c./Sec.
An approxim ate c a lc u la t io n  re v e a ls  th a t  th e  f i r s t  member of 
t h i s  s e r ie s  f 1 —^ 1  Nw ill be a t  46 ,000  I 'c . /S e c .  Only\ -^oI l|/
th e  l in e s  w ith  T  ^  b t h i s  s e r i e s  were observed  in  t h i s  
re g io n  > Table I  l i s t s  th e  l in e s  belo n g in g  to  t h i s  s e r i e s .
S ix  l in e s  belong ing  to  th e  in te r n a l  s t a t e s  f\  ^ and w ith  
J Values 8 ,9 and 10 were i d e n t i f i e d  from th e  evidence of 
t h e i r  S ta rk  e f f e c t  and t h e i r  i n t e n s i t i e s .  I f  P. and Va 
r e p re s e n t  th e  f re q u e n c ie s  o f th e  con^ionents of a  p a r t i c u l a r  
in v e rs io n  d o u b le t th e  mean frequency  o f th e se  tv/o can be 
w r i t te n  ou t to  a  good approxim ation  as
V  = & o, Jg)
4 6
where y y o t t r a n s i t i o n  frequency  f o r  a  r i g id
asym m etric r o to r  and can be c a lc u la te d  v /ith  th e  r o ta t io n a l  
c o n s ta n ts  ex., b and c  cx b Z. cJ) . i f  (/J i s  th e
4
r o t a t i o n a l  energy f o r  an asymmetric r o to r ,  i t  i s  g iven  by
^  JL O JCJ-H3 -H i (c c -c )  (L)
^  2-  *
where i s  a  n u m erica l p aram ete r to  be e v a lu a te d  fo r  th e
p a r t i c u l a r  ca se  and g iven  asymmetry. The v a lu es  of £  -j. v/ere
c o n fu te d  e a r l i e r  by T .E *Turner, B .L .H icks and G .R eitw iesner^ 
f o r  d i f f e r e n t  v a lu es  of th e  aS3rmmetry p a ram ete r Ic,
The f re q u e n c ie s  o f th e  th r e e  in v e rs io n  d o u b le ts  belonging  
to  th e  sp e c ie s  A v/ith  T  va lu es 8 ,9  and 10 a re  c a lc u la te d  
u s in g  th e  r o ta t i o n a l  c o n s ta n ts  o b ta in e d  in  th e  l a s t  c h a p te r . 
From th e  observed  mean f re q u e n c ie s  of th e  d o u b le ts  and the  
c a lc u la te d  r i g i d  r o to r  f re q u e n c ie s , th e  term  was
o b ta in e d . This va lue  o f £ , 5-  was u sed  in  c a lc u la t in g  
th e  h e ig h t o f  th e  p o t e n t i a l  b a r r i e r .  The value  o f  h e ig h t 
o f  th e  b a r r i e r  th u s  o b ta in e d  comes ou t to  be 686 cm * • This
i s  in  c lo se  agreem ent w ith  th o se  o f  CHjNHj_ (6 9 1 .1  cm ')  and
3 6
caDjKI)  ^ (684 .7  cm ) o b ta in e d  e a r l i e r  ’ . The c a lc u la te d  
and th e  observed  mean fre q u e n c ie s  o f th e  d o u b le t a re  shown 
in  Table I I .  The c a lc u la te d  f re q u e n c ie s  d i f f e r  from  th e  
observed  f re q u e n c ie s  by abou t 40 M c./S ec . T h is d isc repancy  
i s  p ro b ab ly  due to  th e  f a c t  t h a t  th e  Sq. (6 ) which was u sed  
in  c a lc u la t io n  may n o t  be very a c c u ra te  f o r  h ig h e r T va lu es 
and a lso  th e  o f f  d iag o n al term s which a re  n e g le c te d  in  £*q.(5)
a r e  s ig n i f i c a n t  a t  h ig h e r  7  v a lu e s .
l l
a m .s  I  .
l i n e s  be lo n g in g  to X c  r  T i t s e r i e s .
i?*requenc3r in  
L Ic./Sec.
I n te n s i ty I n te r n a l
s t a t e
J  Value
37951.4 S S 3
37427.1 M A 5
37386.3 M S 4
37148 ■>i A 8
37015,4 M A 3
36451.1
35590.6
M S 4
35588.1
S A 5
35171.4 s s- 6
35135.7 s A 8
34995.0 yi/ A 9
3E958.3 K A 9
33160.4 K A 10
30057.2 M A 10
F i t t i n g  Of The A Li nes I n  The R i ^ d  R otor Form ula.
m sL s  I I
Ro t a t i  onal 
t r a n s i t i o n Observed 
M e./Sec.
- V>d: +E.2T^ *I
C a lcu la ted
M c./Sec.
^'6 36,142 36,148
9,9 32,952 33,933
31,609 31,638
C a lc u la te d  w ith  = 62 ,455  I'c ./S ec*>  ^  -  18,551 M c ./S ec ., 
C = 17,905 M c ,/3 ec . and 2,152 F c / S e c .
TABLa I I I
T o rs io n a l P a ram e te rs  Used In  C alcu la tions^
2.
Cz = 6 ,4201 amu (assiimed) 
C = 8 .1559 amu 
■^V= 0.2127 onT^ 
= 12.5475 cm-1
o0  = -  0 .149 amu 
^ o “ 2 ,993  M c./Sec.
= 686 cm”^ „
h ' = 54 .65  ( in  th e  u n i t s  of ^
4 ^
RSJfSRSKCl^.
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3 . D .R .L id e ,J r . J .  C hem ,P hys.^  ,343(1957).
4 .  C.H .Townes and A .L .Schawlow, “Microwave S p ec tro sco p y ", 
McGraw-Hill Book Co. ,  New York (1 9 5 5 ).
5 . T .E .T u rn er, B .L .H icks and G .H eitw iesn er, R eport 878, 
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6 . T .I to h , J .P h y s.3 o c ,Jap an  U , 254(1956).
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C H A i T E R  V.
FICRQwAVS SiSGTTO 0^  ^ CD^OH.
ABSTOACT.
Microwave spectrum  of GD^ UH has been r e - in v e s t ig a te d  
in  th e  reg io n  34,000 ¥ c . /S e c .  to  16,000 Iv^c./Sec. About 
f i f t y  l in e s  a re  reco rd ed . The K -type of d o u b le ts  
observed  in  th e  reg io n  18,000 M c./Sec. to  28,000 M c./Sec. 
a re  a rran g ed  as two s e r i e s ,  one belong ing  to  th e  t r a n s i t io n s  
J  -— ^  J ,  K = 3 —> 4 , 'T ' = 3 —>■ 1, n = 0 —> 0
and th e  o th e r  be long ing  to  th e  t r a n s i t io n s  J  — > 4*
iC = 3 4 ,  T  = 3 1 , n = 1 ->  1, The d o u b le t
s e p a ra tio n s  a re  c a lc u la te d  u s in g  an approxim ate form ula 
g iven  by .i/ang» The observed  d o u b le t s e p a ra tio n s  a re  
in  re a so n ab le  agreem ent w ith  th e  c a lc u la te d  ones.
i)l
In tro d u c tio n .
Microwave spectrum  o f m ethyl a lco h o l hajs been s tu d ie d
1 - 7by a  number of in v e s t ig a to r s  e a r l i e r  . V enkatesw arlu and
(iorc^ o b ta in ed  th e  s t r u c t u r a l  p aram ete rs  o f  mettQTl a lco h o l
by s tu d y in g  th e  J = 0 - y i , K = 0 —> 0  r o ta t i o n a l  l in e s  of
13 J©th e  s ix  d i f f e r e n t  i s o to p ic  sp e c ie s  CH OH, C H OH, CH 0 H,
CH^ OE), vr-. GD^ OH and CD^QD. They a ls o  in v e s t ig a te d
th e  spectrum  of CD OH in  th e  reg io n  44,000 M c /S e c . to  
18,000 K c ./S e c . In  th e  reg io n  28,000 M c /S e c . to  18,000 I 'c . /S e c . 
th ey  observed  a  number of d o u b le t l in e s  w ith  pecu lia j*  S ta rk  
p a t t e r n s .  These l in e s  shovi? a  Second o rd e r  S ta rk  e f f e c t  
a t  low v o lta g e s  Vifith S ta rk  c o e f f i c i a i t  o f th e  two components 
of th e  d o u b le t hav ing  d i f f e r e n t  signs*  These l in e s  appear 
l i k e  m irro r  im ages. In  th e  p r e s e n t  work a  r e - in v e s t ig a t io n  
o f th e  spectrum  o f  CD^ OH has been c a r r ie d  o u t. This chs® tar 
d e a ls  w ith  th e  s p e c t r m  of CD^ OH in  th e  reg io n  34,000 M c./Sec. 
to  1^ 5,000 M c./Sec.
The spectrum  of CD^ O^H.
The spectrum  was s tu d ie d  by u s in g  a  lOO k.c. S ta rk  m odulation 
sp e c tro g ra p h  th e  d e s c r ip t io n  o f which was given  e a r l i e r .
About f i f t y  l in e s  were re c o rd e d , o u t o f  which tw enty n in e  
l i n e s  were p u b lis h e d  e a x l i e r  by Venkateswax*lu e t  a l»  A ll 
th e s e  l i n e s  were l i s t e d  in  T able I .  F o r some o f th e  l in e s  
th e  A  J* s and th e  low er J  have been a s s i ^ e d .  The observed
•oes/*o,ii 2*96A‘ 9T
•sq.u9uoclmoo
j e p j o - q . s a f j  u s a s s  ^ u T « o q s  * 0 s c / » 0 i ^  2 * £ J 9 ‘W .  ® U T 1
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r e l a t i v e  i n t e n s i t i e s  a re  deno ted  as 3 ,  M and in  o rd e r  o f  
t h e i r  s t r e n g th .  The S ta rk  e f f e c t s  were denoted  as 1 f o r  
f i r s t  o rd e r  S ta rk  e f f e c t  and 2+» 2 - f o r  second o rd e r  S ta rk  
e f f e c t  acco rd in g  as th e  S ta rk  con5)onents s h i f t  tow ards 
h ig h e r  o r  low er frequency  re g io n . A m ix tu re  o f f i r s t  and 
second o rd e r  S ta rk  e f f e c t s  was deno ted  as 1 -2 .
F i g . i  shows th e  l i n e  a t  2 4 ,6 1 3 .3  M c./Sec. w ith  seven 
f i r s t  o rd e r  S ta rk  con5)o n en ts . S ince  th e  in n e r  con^onents 
a re  in te n s e  t h i s  l i n e  belongs to  th e  t r a n s i t i o n  w ith  A J  =± 1 
and low er J  -  7 . P ig .2  shows th e  l i n e  a t  1B ,796.2 M c./Sec.
I t  shows n in e  S ta rk  components on th e  low frequency  s id e .  
P ro b ab ly  th e re  a re  more S ta rk  co n ^ o n a its . The A  J  f o r  
t h i s  l i n e  i s  0 .
G eneral D isc u ss io n .
K e t l^ l  a lc o h o l has tw elve fundam ental v ib r a t io n s .  One 
o f  th e  fundam ental v ib r a t io n s  i s  a s s o c ia te d  w ith  th e  to r s io n a l  
m otion o f th e  hydroxyl groiip w ith  re s p e c t  to  th e  m ethyl group. 
The fundam ental frequency  o f  t h i s  v ib r a t io n  i s  around 250 cm* 
whereas f o r  o th e r  v ib r a t io n s  th e  fxmdamental f r e q u a ic ie s  axe 
above 1,000 cm” * . This to r s io n a l  m otion in te r a c t s  w ith  th e  
o v er a l l  r o ta t i o n  o f th e  m o lecu le . As th e  hydrogen in  th e  
hydroxyl group r o ta t e s  a lo n g  th e  symmetry a x is  o f th e  m ethyl 
group i t  w il l  en co u n ter a  p o t e n t i a l  w ith  th re e  id e n t ic a l  
minima. I f  th e  p o t e n t i a l  b a r r i e r  i s  s u f f i c i e n t l y  h igh  th e  
hydrogen w il l  o s c i l l a t e  w ith  th e  to r s ic n a l  frequency  lo- I  /E L  
where C , and C 2_ a re  th e  moments o f i n e r t i a  o f  th e  hydroxyl
and m e tt^ l g ro in s  r e s p e c t iv e ly  a lo n g  th e  symraetiy a x is  of 
th e  m ethyl groi:^) and C ,— C , ' + C 2. ‘ i< i s  th e  to rq u e  co n s tan t, 
I f  th e  b a r r i e r  i s  s u f f i c i e n t ly  low th e  m otion w i l l  app rox i­
m ate to  a  f r e e  r o ta t io n  o f  th e  hydroxyl group w ith  re s p e c t to  
th e  m ethyl g roup . For  m oderate b a r r i e r  h e ig h ts ,  some of 
th e  d eg en e ra te  le v e ls  o f th e  m ethyl a lc o h o l w i l l  s p l i t .
The th eo ry  o f h in d e re d  r o ta t io n  f o r  th e  p a r t i c u l a r  case
2
o f  th e  m ethyl a lco h o l was developed by K oehler and Donnison • 
The r o ta t io n a l  energy in c lu d in g  th e  h in d e red  r o ta t io n  can 
be w r i t te n  as £  =
-I- 1
Z.cJ
w hich i s  th e  u s u a l  r o t a t i o n a l  energy f o r  th e  symmetric top 
m o lecu le . A i s  th e  moment of i n e r t i a  about an ax is  
p e rp a id ic u la T  to  th e  synm etry a x is  of th e  m ethyl group and 
p a s s in g  th ro u g h  th e  c e n tre  o f mass o f  th e  m olecu le . 
r e p re s e n ts  th e  h in d e re d  r o ta t io n  c o n tr ib u t io n  and c o n s is ts  
o f  su c c e ss iv e  gro\:5)s o f  l e v e l s  and each le v e l  i s  i d e n t i f i e d  
by th e  quantum number T  = 2 o r  3 . The gro\:^s are
denoted  by th e  numbers n = 0 , 1 , 2 e t c .  where n corresponds 
to  th e  v ib r a t io n a l  quantum number o f  th e  to r s io n a l  frequency .
Burkhard and D ennison^ c a r r ie d  out a  th e o r e t i c a l  study 
o f th e  spectrum  o f m ethyl a lco h o l and showed t h a t  th e  energy- 
l e v e l  o f th e  m ethyl a lco h o l can be found  1:^ c a lc u la t in g  th e  
ro o ts  o f a  d e te rm in an t o f th e  ty p e  ^  ^
S-4-
which f a c to r i s e s  in to  th r e e  3ut>-determinants due to  th e  
connections a r is in g  from th e  s e le c t io n  rules* The 
connections corresponding to  d if fe r e n t  va lu es o f  K fo r  
the three determ inants were given byi
K = . . .  - 4  - 3  - 2  -1  0 1 2 3 4  . . . ,
D eterm inan t i ;  = . . .  1 3 2 1 3 2 1  3 2 . . . ,
D eterm inant 2; = . . .  3 2 1 3 2 1  3 2 1 . . . ,
D e te m in a n t 3i = . . .  2 1 3 2 1  3 2 1 3 . . . .
They f u r th e r  showed th a t  th e  s t a t e s  a r i s in g  from = 1 j2,3
r e s p e c t iv e ly  i d e n t i c a l  w ith  th e  s t a t e s  —K j T  = 1 ,.3 ,2 . From
th is *  i t  follovifs t h a t  th e  ro o ts  o f  th e  d e te rm in an t 1 and 
d e te m in a n t  2 a re  id e n t i c a l .  An exam ination o f  th e  symmetry 
p r o p e r t ie s  o f  th e  m olecu le shows th a t  they  belong  to  th e  
c la s s  S and t h e i r  d eg en erac ies  cannot be ranoved by any 
p e r tu rb a t io n  hav ing  th r e e  f o ld  symmetry. The s t a t e s  a r i s in g  
from th e  d e te rm in an t 3 w ith  ex cep tio n  of th e  s t a t e  K = 0 , T  = 1 , 
which i s  s in g le *  occur in  p a i r s  be long ing  to  th e  symmetry 
c l a s s  and . I f  th e  asymmetry o f  th e  m olecule i s  
sm all*  th e  s e p a ra t io n  o f th e  le v e ls  be long ing  to  a  p a i r  Y /ill 
be vary  sm a ll and cSBcreases as K in c re a s e s .  Frcan t h i s ,  i t  
fo llo w s th a t  o n e - th i r d  o f  th e  energy le v e ls  of m ethyl a lcoho l 
a re  s p l i t  in to  d o u b le ts  whereas tw o - th ird s  o f  th e  le v e ls  do 
n o t s p l i t  in to  d o u b le ts  b u t a re  doubly degenerate*
These d o u b le t l in e s  a re  c a l le d  th e  K^type o f  d o u b le ts  
s in c e  they  a r i s e  due to  th e  rem oval o f degeneracy between
S'y
K and -K l e v e l s .  This ty p e  o f d oub le t?  were observed  e a r l i e r
by Hughes, Good and Coles ^  in  th e  spectrum  o f C 
However, they  observed  only fo u r  l i n e s .  In  th e  p re s e n t
e 3q)erim ents a s e r ie s  o f th e se  l in e s  a re  observed  in  th e
K band re g io n . These d o u b le ts  a re  l i s t e d  in Tables I I  and i l l .
The h ig h  frequency  l in e  o f each  d o u b le t has S tark; components
on h igh  frequency  s id e  only  and th e  low frequency l i n e  has
S ta rk  con5)onents on th e  low frequency  s id e  o n ly . In  a l l
th e s e  d o u b le ts , only th e  S ta rk  components o f th e  low frequency
l in e s  a re  g e t t in g  re s o lv e d . The s t r u c t i i r e  o f S ta rk  components
o f th e se  l in e s  show t h a t  th ey  belong to  th e  t r a n s i t io n s  w ith
A J  = 0 and J  = 12 onwards. V en k a te sw a rlu 'e t a l  l i s t e d
a  h igh  frequency  l i n e  w ith  S ta rk  con^onents on th e  low frequency
s id e  and a  n e a re s t  low frequency  l i n e  w ith  S ta rk  components
on h ig h  frequency  s id e  as a  d o u b le t. They p ro b ab ly  l i s t e d
t h a t  way due to  th e  n e a rn e ss  o f th e  two l i n e s .  -According
to  t h e i r  a ss ig n m en t, th e  d o u b le t s e p a ra tio n s  a re  n o t fo llo w in g
any re g u la r  v a r ia t io n  w ith  J .  However, in  th e  p re s e n t
assig n m en t, th e  d o u b le t s e p a ra tio n s  in c re a s e  w ith  th e  J  va lue
as shown in  th e  T ables I I  and I I I .
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Iv a sh  and Dennison o b ta in ed  an ex p ress io n  f o r  th e  
S ta rk  s t r u c tu r e  o f th e se  d o u b le ts  as
I
\X
Where i s  the centre o f g ra v ity  of the doub let, i s
th e  f i e l d  stre n g th , o ff-d ia g o n a l
6'6
KM
elem en ts o f th e  H am ilto n ian , T ( ? + 0
A ^ j^ i s  th e  d o u b le t s e p a ra t io n . I f  A j , ^ i g  very la rg e  
compared to  >the c o n tr ib u t io n  o f  th e  f i r s t  term  in
th e  above ex p ress io n  w i l l  be n e g l ig ib le .  I t  fo llow s th a t  
each  l i n e  o f  th e  d o u b le t w i l l  have S ta rk  coniponents on 
o p p o s ite  s id e s .  In  th e  above form ula i f
th e  S ta rk  e f f e c t  w i l l  o f seco n d -o rd e r and i t  w i l l  be. of 
f i r s t - o r d e r  f o r  la rg e  v a lu es  o f ^  such th a t
The s p l i t t i n g  o f  r i g i d  symmetric r o to r  le v e ls  cavised
6
by s l i g h t  asymmetry was f i r s t  d iscu ssed  by ilfaJig • when th e
s p l i t t i n g  i s  sm all* i t  i s  app rox im ate ly  g iven  by th e  form ula
 ^VJ T V  ! i2_A t
Where
TK \ 6
d  X ft 2.P)
- - f t
and A » B  and d  a re  th e  p r in c ip a l  moments o f i n e r t i a
6  > d  J) • form isla i s  only an approxim ate one
in  th e  ca se  o f m ethyl a lc o h o l. However, th e  g e n e ra l fe a tu re s  
o f  th e se  K t 3^ pe o f d o u b le ts  cou ld  be u n d ers to o d  from the  
above fo rm u la . The s p l i t t i n g  of th e se  d o u b le ts , acco rd in g  
to  th e  above fo rm u la , in c re a s e s  w ith  in c re a se  o f J  and
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d e c re a se s  w ith  in c re a se  o f K.
The observed  d o u b le t l in e s  cou ld  be a rran g ed  as two 
s e r i e s .  T ab le H  l i s t s  th e  l in e s  belong ing  to  th e  f i r s t  
s e r i e s  in  which p ro b a b ly , t r a n s i t i o n s  inv o lv e  only  th e  
ground v ib r a t io n a l  s t a t e .  From th e  o rd e r of th e  d o u b le t 
s e p a ra tio n s *  th e s e  d o u b le ts  cou ld  be a s s ig n e d  to  th e  t r a n s i t i o n  
K = 3 4 . The observed  d o u b le t s e p a r a t io n s ,  a lo n g  w ith
th e  c a lc u la te d  ones u s in g  th e  Sa.(3> a re  g iven  in  Table I I .
The c a lc u la te d  d o u b le t s e p a ra tio n s  a re  o b ta in ed  from Sq. C3) 
u s in g  th e  v a lu es  o b ta in e d  by V enkatesw arlu and Gfordy f o r  the  
moments o f  i n e r t i a  o f th e  m olecu le . The agreem ent between the 
observed  and c a lc u la te d  d o u b le t s e p a ra tio n s  appears to  be 
rea so n ab le  in  view o f th e  f a c t  th a t  Eq. (3 ) i s  only  an approx i­
mate one. From th e  p r e s e n t  assignm en t, th e se  d o u b le ts  
belong  to  th e  t r a n s i t i o n s  J —> J ,  K = 3 —> 4 ,  'T = 1 —^ 3 ,  
n = 0 0 w ith  d i f f e r e n t  v a lu es  o f  J  ran g in g  from 12 to  19.
The mean fre q u e n c ie s  o f  th e  d o u b le ts  was p lo t t e d  a g a in s t  th e  
co rresp o n d in g  J  va lue  in  F ig .S . This s e r ie s  has th e  same 
appearance as th e  K . = l —>-2 , ^ J  s e r i e s  of
observed  e a r l i e r  by Hughes, 3ood and Coles^ , The 
rem ain ing  d o u b le ts  w ith  th e  e x e r t i o n  of th e  d o u b le t a t
2 1 ,2 3 6 ,4  M c*/Sec. and 2 0 ,6 4 2 .4  M c./Sec. a re  given in Table I I I .
These d o u b le ts  form a n o th e r  s e r i e s  w ith  d o u b le t s e p a ra tio n s
s l i g h t ly  more than  th e  co rresp o n d in g  ones in  th e  f i r s t  s e r i e s .
In  t h i s  s e r i e s ,  th e  t r a n s i t i o n s  p ro b ab ly  a r i s e  from th e
m olecules in  th e  f i r s t  e x c i te d  v ib r a t io n a l  s t a t e  (n = 1 —> 1 ) .
F ig .4  shows t h i s  s e r ie s  where th e  mean fre q u e n c ie s  of th e

S'S
d o u b le ts  a re  p lo t t e d  a g a in s t  th e  p ro b ab le  J  v a lu e . The 
unaccoun ted  d o u b le t w ith  th e  con^jonent a t  21,236 M c./Sec. 
and 2 0 ,6 4 2 .4  K c ./S ec . has a  d o u b le t s e p a ra tio n  o f 595 M c./Sec. 
and p ro b ab ly  belongs to  th e  t r a n s i t i o n  J  = 1 5 —> 1 5 , ii = 3 —^ 4 ,  
'7' = 1 3  and n = 2 —^ 2»
S'^
table 1.
S p e c t rm  o f  GD^ OH.
jj'requency in  
M c./Sec.
In te n s  i t y  O rder o f 
S ta rk  
e f f e c t
Number o f Lower J  ± A J  
S ta rk  
components
35444.2 M 1 • • • •
3521^.0 M 1 • • ♦ •
35105.4 W 1 • • • •
35095.5 Vl/ 1 •- • • •
34427.7 M 1 p a r t i a l l y re so lv e d .
33985.2 v/ 1 • • • •
33354.4 M 1 • • • •
33345.7 W 1 • » • •
33341.6 3 2+ • • • •
32190 H 1 • • • •
31140 M 1 • • • •
30850 U 1 fV
30600 a 1 • • • •
30505 a 2+ • • % •
29520 M 2+ m • • •
28811.3 3 1 6 6
(28511.7) K 2- > 6 > 6
(28331.9) M 2+ > 6 > 6
(28032.7) K 2- • •
(27982.7) K 2+ 1 • •
Taels i  ( c o n td .)
60
Frequency in  
I 'c ./S ec*
I n te n s i ty O rder of 
S ta rk  
e f f e c t
NumlDer of 
S ta rk  
con^jonents
Lower J ± A J
(26715.3) M 2- > 10 >10 0
(26344.7) 11 2+ • • • • • « • •
25668.8^ W 1 • • • • • • • • •
(25113.2) 3 2- > 15 >15 0
(24691.9) 3 2+ • • » • • • 0
24613.3 M 1 7 7 1
(23750.0) 3 2- > 13 >13 0
(23313.9) S 2+ • • • • • • 0
22901.9^ K 1 5 5 1
(22550.3) S 2- > 13 > 13 0
(22174.1) s 2+ • • • • • • 0
(21519 .5) s 2- > 12 > 12 0
(21236.4) s 2+ • • • • • • 0
(20642.4) 3 2- >12 >12 0
(20469,8) 3 2+ • • • « • • 0
(19905.8) M 2- > 12 > 12 0
(19844.81) M 2+ • • • • • • 0
( 1 9 2 9 4 .5 / 3 2- > 11 > 1 1 0
(18923.7) 3 2 -»- • • • • • • 0
(18796.2) 3 2- > 10 > 10 0
(18588.6) S 2+ • • • • • • 0
TABLE I  (c o n td .)
6)
F requaicy  in  
K c./Sec*
I n te n s i ty O rder of 
S ta rk  
e f f e c t
Number o f  ;
S ta rk
consonants
Lov/er J J
(18395.6) 3 2- > 9 > 9 0
(18317 .3)* 3 2+ • • • • • • 0
(18097.0) M 2+ # • • • • • 0
(18081.2} 3 2- > 8 > 8 0
(1791S.9) M 2+ > 8 > 8 0
(17829.1) M 2- • • • • • • • • •
(17775.1) S 2+ •  • • •  • • • • *
17659.2 S 1-2 3 on h . f . s i d e • • • •  • •
2 on 1 . f . s i d e
17561,5 M 2+ 7 7 0
17522.5 W 1-2 • • • • • • • • •
17489 w 1-2 • • • • • • •  • •
17436 7^ 1 • • • • • • • # •
*  The frequency  o f t h i s  l i n e  d i f f e r s  from th e  v a lu e  of 
V enkatesw arlu e t  a l  hy 9*^  M c./Sec.
The l in e s  w ith  f re q u e n c ie s  in  p a re n th e se s  were p u b lish ed  
by V enkatesw arlu e t  a l .
>^2.
table I I .
D oublet l in e s  o f CDjOH b e lo n g in g  to  th e  t r a n s i t i o n  
c3 —^ J  f £  = 3—> 4 , T  = 1 —> 3 and n = 0 —^ 0 ,
P re q u ^ c y  in  
M c*/Sec«
Observed 
in  K c ./S ec .
AV 
C a lcu la te d  
in  M e./Sec.
J  Value
1 8 0 8 1 ^
18317.3
2 3 6 .1 309 14
18395.6
18588.6
193 200 13
18796.2
18923.7
127.5 124 12
19294.5
19844.8
550 .3 465 15
21519.5
2 a ? 4 .1
664 .5 681 16
23750.0
24691.9
941.9 977 17
26715.3
27982.7
1267.4 1371 IB
28511.7
30505.0
1993 .3 1890 19
6 3
TABLS I I I .
D oublet l in e s  of CD .OH belong ing  to  th e  tra n w itio n  
j _ ^ j ,  K = 3 - > 4 ,  T= 1 - ^ 3  and n = 1 - ^ 1 .
Frequency in  
Me • /S e c .
AV
Observed 
in  M c./Sec.
0 Value
17839.1
18087.0
258.1 14
19905.8
20469.8
564 15
22550.3
23313.9
763.6 16
25133.2
26344.7
1211.5 17
28032.7
29520
1487 18
APPHNDIX
The energy s e p a ra tio n s  ASj_, AEg* and S4
obtained , f  roiE the  8q. ( 3> ) u s in g  th e  va lu es o b ta in ed  by 
Venkatesv.’a r lu  and Gordy f o r  th e  moments o f i n e r t i a ,  are  
l i s t e d  below f o r  d i f f e r e n t  v a lu es of J  '•
>^4-
J A  ^  w He. AS4
20 119028 34584 2487 78
19 107692 28297 1838 52
18 96923 22907 1337 34.1
17 86720 18326 955 21.6
16 77085 14468 668 1 3 .4
15 68016 11253 457 8 .1
14 59514 8605 305 4 .7
15 51578 6454 197 2 .6
12 44210 4733 123 1 .4
11 37409 3381 74 0.7
10 31174 2340 38 0 .3
9 25506 1560 23
8 20404 993 11
7 15870 596 5
6 11902 331 2
5 8502 165 0.7
24 Me.
J4 5668 71
3 3401 24
Z 1700 £)
1 S67
AS5vaHc. A S 4 ...HC.
El = 283.4002 j ( j + l )  He.
= 0.1970 (J+2) ( j + l ) j ( j - . i )  Me.
S3 = 3.4219 X 10“ ^ ( j+ 3 ) ( J + 2 ) ( 0 + l ) j ( J - l ) ( j - 2 )  He.
^  = 2 .6424 X 10“ ^ (J+4)C J+3H J+S)(J+1} j ( J - 1 ) ( cJ-2 )(J-3 )M c.
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The th e s is  d e^ ls  w ith  th e  radfcrowave s p e c tr a  of
and ODjOH. A ll th e  work c iescribed  in  t h i s  th esi s  l^ s  
been c a r r ie d  ou t by me in  th e  D eaprtm ent of P h y s ic s , K uilim  
U n iv e rs ity , i l i g a r h ,  im der th e  guidance of Dr# ! u tc h  
V enkatesw arlu . The th e s is  i s  i s  d iv id e d  in to  f i v e  ch a p te rs  
and the  a b s t r a c t s  a re  g iven  belowi
C hap ter I t  The g en e ra l ex p erim en ta l d e t a i l s  o f  a  S ta rk  
m odulation  sp e c tro g ra p h  and arrangem ents f o r  frequoncy 
measurements o f  microwave s p e c t r a l  l in e s  u s in g  known sT )ectral 
l i n e s  as frequency  s ta n d a rd s  a re  d e sc r ib e d .
ChaJ)ter I I#  Microwave s p e c tr a  of CD5NH2 has been s tu d ie d  in  
th e  reg io n  24700-380OOllc/sec* u s in g  a S ta rk  m odulation 
spectrograph* ^bout 50 l in e s  a re  reco rd ed  in  th i s  region*
The lo w er ^ and ^  J  f o r  some tif th e s e  l in e s  have been a s s ig n ed . 
The t r a n s i t i o n  J'Qi'— has been i d e n t i f i e d  and found to  be a  
d o u b le t w ith  components a t  36<t36.8Mc and 36436.2Mc« The spectrum  
^  GH5ND2 has been s tu d ie d  in  th e  reg io n  18500-390OOMc/sec.
^ ^ * ^ t 60 l in e s  a re  reco rd ed . The t r a n s i t io n  J *  DocT^ -Lot f o r  
t^ i ^ ^ o l e c u le  has been i d e n t i f i e d  a t  a  f r e 4.uency o f 38907.OMc.
Using th e  f re q u e n c ie s  of J  = r o ta t i o n a l
l i n e s  of thS s^°^^  is o to p ic  sp e c ie s  ODgNHg,
ajid CH^D2» d is ta n c e  and th e  HCH ang le
th e  o th e r  s t r u c t k ^  param eters  a re  d e term in ed . The 
s tru c tu ra l.p a ra jn e te '^ s  o b ta in ed  a re  th e  fo llo w in g i
1.012A, d ^  = 1X;^76 a , HNH = 1060 2,2’ . GKH * 112° 13' * id
d is ta n c e  of th e  symmetry a x is  of
th e  methyl group i s  0 . ^ ^  -
G tiaPter.V I• Some of th e  l in e s  be long ing  to  th e  s e r ie s
«J,j of CDgNH  ^ a re  id e n t i f i e d .  Using the  method of
e a r l i e r  w orkers, th e  h e ig h t of th e  p o te n t ia l  b a r r i e r  was
determ ined . The h e ig h t of th e  b a r r i e r  so o b ta in e d  f o r  CD^El2 
—1i s  686 cm and i t  i s  in  c lo s e  a g r e ^ e n t  wi th  th o se  of 
CH3 NH2  (6 9 1 .1  cm“ -^ ) Mid CD^m2 (684 .7  cm*^).
C hapter V« Microwave spectrum  of C1]^ 0I1 has been r e in v e s t ig a te d  
in  th e  re g io n  34000Mc -  1600Qlic. ..bout f i f t y  l in e s  e re  
reco rd ed . The K. type o f d o u b le ts  observed in  th e  reg io n  
18000-28000lv'c. a re  a rran g ed  as two s e r i e s ,  one belong ing  to  
th e  t r a n s i t i o n s  , K = 3 « » 4 , T = 2 - ^ 1 ,  n = 0 4 0  and the  
o th e r  b e lo n g in g  to  th e  t r a n s i t io n s  K = 3 ^ 4 ,  7 = 3 ^ 1
n ~ 1 1 . The d o u b le t s e p a ra tio n s  a re  c a lc u la te d  u sin g  an
approxim ate fo rm u la  g iv en  by j»'ang. The observed  d o u b le t 
s e p a ra tio n s  a re  in  reasonal)le  agreem ent w ith  th e  c a lc u la te d  
o n es .
